A Discussion of Sulfanilamide and Related Compounds by Leuallen, E. Curtis
Ursinus College 
Digital Commons @ Ursinus College 
Chemistry Honors Papers Student Research 
4-19-1941 
A Discussion of Sulfanilamide and Related Compounds 
E. Curtis Leuallen 
Follow this and additional works at: https://digitalcommons.ursinus.edu/chem_hon 
 Part of the Chemistry Commons 
Click here to let us know how access to this document benefits you. 
Ursinus College Library, 
URSINUSIANA COLLECTION 
Class d Box Cflgym.-1 
Submitted i n p a r t i a l f u l f i l l m e n t of t h e r e q u i r e m e n t s f o r 
onors i n Chemistry. 
Submitted by: 
E. C u r t i s L e u a l l e n 
Approved by: 
R u s s e l l D. S t u r g i s , I^h.D. 
U r s i n u s C o l l e g e 
4/19/41 
GOUTENTS 
I n t r o d u c t i o n Page 
1 . The S t o r y o f S u l f a n i l a m i d e ".1 
2. The C hemistry o f " u l f a n i l a r a i d e and D e r i v a t i v e s 2 
2a, • ^ r e p a r a t i o n o f S u l f a n i l a m i d e 5 
2'b. ^ r e p a r a t i o n o f S u l f a p y r i d i n e 5 
2c. P r e p a r a t i o n of 5 - i P - A c e t y l s u l f a n i l a . ' T i i d o - 2 - a c e t y l -
a m i n o p y r i d i n e • 6 
2d. P r e p a r a t i o n of 3 - S u l f a n i l a m i d o q u i n o l i n e 6 
2e, D i s u l f a n i l a m i d e s and R e l a t e d Compounds..... 6 
2 f . S t r e p t o - U - P o l y s u l f a n i l y l s u l f a n i l a m i d e s and R e l a t e d 
Compounds 7 
2g, T h i a z o l e D e r i v a t i v e s 8 
2h. Azo D e r i v a t i v e s 8 
2 i . P y r i d i n e D e r i v a t i v e s 9 
2 j . A c c o r d i n g t o Northey 9 
3. .Experimental Chemotherapy w i t h S u l f a n i l a m i d e and R e l a t e d 
Compounds. 10 
4. Method of D e t e r m i n i n g P a r a Amino'benzenesulfonamide i n the 
Blood and U r i n e 11 
4 a . C h a r t - S u i t a b i l i t y o f some Coup l i n g Components f o r 
S u l f a n i l a m i d e D e t e r m i n a t i o n 13 
5. D e t e r m i n a t i o n o f S u l f a p y r i d i n e i n the Blood and u r i n e 15 
5a, A Few D e t a i l s o f S u l f a p y r i d i n e , l o 
6. D e t e r m i n a t i o n o f S u l f a t h i a z o l e i n t h e Blood and U r i n e 16 
6a. A Few D e t a i l s o f S u l f a t h i a z o l e 17 
7. A Few D e t a i l s o f N e o p r o n t o s i l 17 
3. T o x i c o l o g y of S u l f a n i l a m i d e and D e r i v a t i v e s 18 
8a. C e n t r a l Nervous System D i s t u r b a n c e s ..18 
9. Mode o f A c t i o n 19 
10. Uses o f S u l f a n i l a m i d e and D e r i v a t i v e s 20 
10a. Comparative C l i n i c a l V a l u e o f S u l f a n i l a m i d e and 
D e r i v a t i v e s 20 
. 10b. E x c e r p t s 23 
( 1 ) B a c t e r i o s t a t i c and A n t i t o x i c a c t i o n s of S u l f a n i l a m i d e . 2 3 
( 2 ) Treatment o f Pneumococcic M e n i n g i t i s 23 
( 3 ) Treatment of t h e eye 24 
( 4 ) Use and Abuse o f Sulfonamide D e r i v a t i v e s 24 
( 5 ) Treatment o f A b s c e s s e s 25 
( 6 ) Treatment f o r P e r i t o n i t i s o f A p p e n d i c a l O r i g i n 25 
( 7 ) Use i n S u r g i c a l I n f e c t i o n s 25 
( 8 ) Treatment o f Gas Gangrene 27 
( 9 ) Treatment o f Asthma ..27 
( 1 0 ) Treatment o f C h a n c r o i d s 27 
( 1 1 ) Treatment o f T e r t i a n M a l a r i a 28 
( 1 2 ) I n h i b i t i o n of B a c t e r i o s t a t i c A c t i o n o f t h e 
Sulfonamide Drugs 28 
( 1 3 ) R e l a t i o n s h i p o f S u l f a p y r i d i n e , " i c o t i n i c A c i d and 
Coenzymes 29 
( 1 4 ) Treatment o f C o n j u n c t i v i t i s 29 
( 1 5 ) Cure o f a case of a c u t e U l c e r a t i v e E n d o c a r d i t i s 30 
( 1 6 ) Treatment o f E r y s i p e l a s 30 
( 1 7 ) Treatment of Compound F r a c t u r e s 30 
( 1 8 ) Treatment o f Gonorrhea i n t h e male 30 
( 1 9 ) S t a p h y l o c o c c i c I n f e c t i o n s o f ^''idney 3 1 
( 2 0 ) Tr9atment of Lung I n f e c t i o n s ( P l e u r i t i s , E m p y e m a ) 3 1 
( 2 1 ) Treatment o f V e n e r e a l Lymphogrannloma 3 1 
( 2 2 ) Treatment o f R e c u r r e n t Lymphocytic C h o r i o m e n i n g i t i s . . . 3 1 
( 2 3 ) Treatment o f Acute Purul-.nt O t i t i s Media 32 
( 2 4 ) Treatment o f Chronic S i n u s i t i s 32 
( 2 5 ) Treatment o f Sunburn 32 
( 2 6 ) Treatment o f Trachoma 33 
( 2 7 ) Treatment o f - r i n a r y T r a c t I n f e c t i o n s 33 
( 2 8 ) Treatment o f "'ounds 33 
C o n c l u s i o n 
B i b l i o g r a p h y 22 5^23 
S u l f a n i l a m i d e , a drug h a v i n g only two s u b s t i t u t i o n s i n 
i t s benzene r i n g , b ut an o r g a n i c compound h a v i n g p o t e n t i a l i -
t i e s many t i m e s t h e number of l e t t e r s o c c u r r i n g i n t h e word 
i t s e l f . S u l f a n i l a m i d e , a t e r m a p p e a r i n g i n a l l m e d i c a l j o u r -
n a l s o f t h e w o r l d , a drug used by a l l m e d i c a l and p r o f e s s i o n a l 
men. S u l f a n i l a m i d e , a t e r m found upon t h e l i p s o f a l l d o c t o r s 
a t e r m found i n t h e h e a r t s of a l l t h e f a i t h f u l , and a drug 
found a s an answer f o r f b e p r a y e r s o f a l l . S u l f a n i l a m i d e , the 
g r e a t e s t drug o f t h e c e n t u r y , b u t y e t , an u n b e l i e v a b l e drug; 
a drug s t i l l f e a r e c by ^B.ny and r e v e r e d by o t h e r s . 
S t o r y o f S u l f a n i l a m i d e 
The s t o r y s t a r t s i n 1904, when E h r l i c h and S h i g a f i r s t 
showed t h a t a f a t a l e x p e r i m e n t a l i n f e c t i o n o f mice caused by a 
trypanosome c o u l d be c u r e d by a s i n g l e i n j e c t i o n o f a r e l a t i v e -
l y h a r m l e s s a c i d dye. I n 1911 Morgenroth and L e v y found t h a t 
a c h e m i c a l r e l a t e d t o q u i n i n e - e t h y l h ^ ' d r o c i i p r e i n e - would cure 
pneumococcic s e p t i c e m i a i n mice. However, when t h i s remedy 
wao t r i e d i n pneumonia i n man i t was found too t o x i c t o be 
g i v e n i n o u f f i c i e n t dosage f o r e f f e c t i v e t h e r a p y . I n 1908 
S u l f a n i l a m i d e was p r e p a r e d by a c h e m i s t , Gelmo, w o r k i n g a t t h e 
R o y a l T e c h n i c a l Hochschule o f V i e n n a . A y e a r l a t e r c h e m i s t s 
a t E l b e r f e l d , Germany p r e p a r e d azo dyes ^ d t h s u l f o n a . l d e 
groups and found t h a t t h e y were d i s t i n g u i s h e d by g r e a t e r f a s t -
n e s s t o washing and m i l l i n g t h a n t h e c o r r e s p o n d i n g s u l f o n a m i d e -
f r e e p r o d u c t s . No attempt was made a t t h i s time t o a p p l y these 
compounds t o t h e c o n t r o l o f b a c t e r i a l i n f e c t i o n s , Domagk 
announced i n 1935 t h a t an azo d?; e c o n t a i n i r g the sulfonamide 
group p r e p a r e d by M i e t s c l i and " l a r a r would cure an othejxwise 
f a t a l s t r e p t o c o c c i i n f e c t i o n i n mice. T h i s compound, azo-
s u l f a m i d e , v/as o r i g i n a l l y c a l l e d p r o n t o s i l . C l i n i c a l r e p o r t s 
a t t e s t i n g the e f f i c a c y o f a z o s u l f a m i d e i n p a t i e n t s w i t h s t r e p -
t o c o c c i c i n f e c t i o n s appeared s h o r t l y b e f o r e and a t t h e same 
time as Domagk's announcement of h i s d i s c o v e r y , ''-orkers a t 
t h e P a s t e u r I n s t i t u t e l a t e i n 1935 suggested t h a t a z o s u l f a m i d e 
was broken down i n the body t o f o r m s u l f a n i l a m i d e , w h i c h was 
found t o be a s e f f e c t i v e a s a z o s u l f a m i d e . T h i s i r x p o r t a n t 
o b s e r v a t i o n demonstrated t h a t a r e l a t i v e l y s i m p l e o r g a n i c com-
pound was e f f e c t i v e a s a che mo t h e r a p e u t i c agent i n o t r e p t o c o c c i c 
i n f e c t i o n s . E n g l i s h i n v e s t i g a t o r s i n 1936 c o n f i r m e d , a s Long 
and R l i s s d i d l a t e r i n A m e r i c a , t h e f a c t t h a t both a z o s u l f a m i d e 
and o u l f a n i l a m i d e would c u r e an otheriwi-^e f a t a l s t r e p t o c o c c i c 
i n f e c t i o n i n mice, ' " i t h t h e p u b l i c a t i o n o f a paper i n 1936 by 
Colebroo'-^ and Kenny o f Queen Chs.rlotte Square H o s p i t a l i n London 
on t h e r e s u l t s i n c h i l d - b e d f e v e r , much i n t e r e s t was awakened 
i n t h e s e new drugs. S u l f a n i l a m i d e h a ^ been proved t o be a 
s p e c i f i c i n c e r t a i n i n f e c t i o u s d i s e a s e s i n human b e i n g s . I t 
produces however a t t h e same ti m e i n some c a s e s t o x i c e f f e c t s , 
some o f which may endanger the p a t i e n t ' s l i f e , ""xhe q u e s t i o n 
o f t h e mechanism o f a c t i o n o f t h e s e new drugs i s i m p o r t a n t . I f 
i t c o u l d be s o l v e d , t h e s e a r c h f o r s t i l l b e t t e r drugs f o r t^'eat-
i n g i n f e c t i o n s would be put on a f i r m s c i e n t i f i c b a s i s . R e s e a r c h 
i s needed t o complete t h i s p i c t u r e . 
J.A.M.A. V o l 115: p 1144 ( 1 9 4 0 ) 
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2. C h e m i s t r y o f S u l f a n i l a m i d e and i t s d e r i v a t i v e s 
I t i s most i m p o r t a n t t h a t una u n d e r s t a n d s t h e numbering o f 
the r a d i c a l s and carbon atoms o f t h e p a r e n t coirr..ounc s u l f a n i l a m i d e 
s i n c e t h i s corrpound and t h e name "sulf:,nila;mide" has been adopted 
o f f i c i a l l y by t h e A.M.A, I t seems reaso'^able, t h e r e f o r e , t h a t 
a l l new d e r i v a t i v e s o f t h i s compound sho u l d have names, I'-hera p o s s i -
b l e , r e l a t e d t o t h e p a r e n t s u l f a n i l a m i d e . The f o l l o w i n g i s she 
s t r u c t u r a l f o r m u l a s w i t h the numbering sj'-stem g e n e r a l l y a c c e p t e d . 
( S u l f o n a m i d e group) ( I f ) 
(Ami. no Gr oup) ( i ^ ) 
The f o l l o w i n g i l l u s t r a t e t he method o f naming as suggested 
by C r o s s l e y , e t a l i s be i n g used i n t o s t s c i e n t i f i c j o u r n a l s . 
I l l - M e t h y l s u l f a n i l a m i d e 3 - M e t h y l s u l f a n i l a m i d e 
0 
A/Mcrtj n ^ - M e t h y l s u l f a n i i a m i d e 
I f , however, t h e d e r i v a t i v e s have complex s u b s t i t u e n t s a 
more e l a b o r a t e method o f naming i s n e c e s s a r y . I n such c a s e s r a d -
i c a l names a r e u s e f u l . The f o l l o w i n g r a d i c a l names a r e suggested. 
0 0-^ a : . 
S u l f a n i l y l - O r t h o a n i l y l - M e t h a n i l y l - N a p h t h i o n y l -
To i l l u s t r a t e a s i m p l e case u s i n g one o f t h e above r a d i c a l s 
l e t u s name t h e s t r u c t u r a l f o r m u l a . * ' T h i s i s an imp o r t a n t i n t e r -
mediate which i s c a l l e d N - ^ ^ - a c e t y l s u l f a n i l y l c h l o r i d e , and i s made 
as f o l l o w s : 
0 
A ^ 
A c e t a n i l i d 
Other u s e f u l r a d i c a l s a r e 
0 0 
S u l f a n i l a m i d o - O r t h a n i l a m i d o - Metanilamido-
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I n Ceptember o f 1938 t h e r e was on r e c o r d over 3C0 r e f e r -
ences c o n c e r n i n g s u l f a n i l a hde and i t s d e r i v a t i v e s but only about 
f i v e o f t h e s e summarized t h e work on t h e d e r i v a t i v e s a l o n e . The 
p u b l i s h e d work a t t h a t d a t e , had i n d i c a t e d t h e f o l l o w i n g i a r o o r t a n t 
g e n e r a l i t i e s on t h e r e l a t i o n s h i p i f c h e m i c a l s t r u c t u r e o f t h e 
d e r i v a t i v e s o f s u l f a n i l a m i d e and a n t i s t r a p t o c c a l a c t i v i t y , 
( 1 ) L i t t l e or no a c t i v i t y was found i n mononuclear compounds i n 
which e i t h e r t he amino or su l f o n a m i d e groups ox s u l f a n i l a m i d e 
were r e p l a c e d , 
( 2 ) S h i f t i n g t h e amino group t o t h e meta or o5:"tho p o s i t i o n r e s u l t s 
i n marked l o s s o f a c t i v i t y / 
( 3 ) A t h i r d group on the viw lowered t he a c t i v i t y , 
( 4 ) S u b s t i t u t i o n o f t h e arnlho group with a l k u ' l (ChpChp) s u b s t i t u t e d 
a l l y l ( C h p = G h - C h 2 ) or a r y l , e t c , groups had l e s s e f f e c t b u t i n 
g e n e r a l low-^-red t h e a c t i v i t y , 
( 5 ) S u b s t i t u t i o n o f t h e amide n i t r o g e n had a v a r i a b l e e f f e c t . 
a, A m i n o a r y l s u l f o n a m i d o a r y l s u l f o n i c a c i d s and aminoar3.''lsulfonamido-
a r y l c a r s o x y l i c a c i d s . 
Due t o the low s o l u b i l i t y o f s u l f a n i l a m i d e and i t s t o x i c i t y 
a t e f f e c t i v e dosage l e v e l s , new d e r i v a t i v e s were sought o f i n c r e a s e d 
s o l u b i l i t y w h i c h might a l s o have a h i g h e r t h e r a p e u t i c i n d e x and 
more advantageous p h y s i c a l p r o p e r t i e s . F i r s t a t t e m p t s ?/ere to 
combine a c e t y l s u l f a n i l y l c h l o r i d e ( s e e above) w i t h v a r i o u o axiino-
b e n z e n e - s u l f o n i c a c i d s - ^ t t - and am i n o b e n z e n e c a r b o x v l i c 
0 
a c i d s - 0" - i n aqueous s o l u t i o n s a t pH 8-10. T h i s r e a c t i o n 
t a k e s p l a c e r e a d i l y and the a c e t y l group can t h e n be h y d r o l y z e d 
if f i t h Hf or OH- t o g i v e a s u l f a n i l y l d e r i v a t i v e . 
O r t h a n i l y l and m a t a n i l y l d e r i v a t i v e s a r e made by t r e a t i n g the 
co r r e s p o n d i n g n i t r o b e n z e n e s u l f o t ^ l ch3 c ^ i d e - 5°.-*^- '.''ith t h e 
d e s i r e d amino and, f o l l o w e d by r e d u c t i o n o f f f t h e n i t r o a x i i d e 
w i t h ammonium s u l f i d e or i n some c a s e s i r o n ^ '̂ '̂  i n n e u t r a l 
s o l u t i o n . I n t h e form o f t h e n e u t r a l s a l t s o f s u l f o n i c 
or c a r b o x y l i c acid.-;., t h e s e d e r i v a t i v e s have h i g h w a t e r s o l u b i l i t y , 
w h i l e t h e f r e e a c i d s were, i n g e n e r a l , o n l y s l i g h t l y s o l u b l e . 
Those compounds whi c h a r e s u p e r i o r t o s u l f a n i l a m i d e when t e s t e d 
on mice i n f e c t e d v / i t h b - h e m o l y t i c s t r e p t o c o c c i a r e I T - s u l f a n i l y o r t h a n -
i l i c a c i d (CiqHipOSHqSq)• Sodium 2, 4, - b i s s u l f a n i l a m i d o b e n z a n e -
sulf'onate (Gq8Kl707lT4S3Na) ; 2,5 b i s S u l f a n i l a m i d o - b e n z e n e s u l f o n i c 
a c i d ( C 1 8 H 1 8 O 7 N 4 S 3 . H P O ) and 2-S:ulfanilamido-benzoic (Ci3Hq204-23) 
w h i c h mav be i l l u s t r a t e d s t r u c t u r a l l y . 
C O O H 
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I n summing up t h i s group o f d e r i v a t i v e s i t may b e s a i d t h a t 
d e r i v a t i v e s based on the above s e r i e s o f r a d i c a l s t o g i v e h i g h l y 
s o l u b l e s a l t s o f s u l f a n i l a s i d o b e n z e n e s u l f o n i c a c i d s and s u l f a n i l -
amido-benzenecarboxj/lic a c i d o show g r e a t e r t h e r a p e u t i c e f f e c t 
p r o v i d e d t h e second r i n g c s n t a i n i n g t h e earbo3C:rl (COOK) or s u l f o n i c 
group ( S O 3 ) i s ortho t o t h e araido group (SOpNHp). On t h e o t h e r 
hand i n t h e p a r e n t ami nob enz ene su I f a r o i d e the p a r a p o s i t i o n g i v e s 
the grea..3.:.-t t h e r a p e u t i c e f f e c t . 
p - A c y l a m i d o b e n s e n c s u l t o n a l k a n o l a m i n s o and p-Aminobenzenesulfonal-
k a n o l a s i i d e s 
As p o i n t e d out above, i n t h e p a r e n t aminobenzane-
s u l f a m i d e t h e p a r a p o s i t i o n g i v e a t h e g r e a t e s t e f f e c t . L i k e w i s e , 
mononuclear d e r i v a t i v e s o f s u l f a n i l a m i d e show t h e most e f f e c t i v e -
n e s s when the added groups a r e a l s o i n t h e p a r a p o s i t i o n . The 
mononuclear and o t h e r d e r i v a t i v e s o f t h i s group a r e pr e p a r e d by 
the c o n d e n s a t i o n o f t h e proper p - a m i n o b e n z e n e - s u l f o n y l c h l o r i d e 
w i t h an alkanolamdne (I'lHoGHpCHgOH) ,Ammonia(HH3), Morpholine 
(NHg/^pP^^p 0) or p-aminobenzenesulforialkanola''aid8. The g e n e r a l 
r e a c t i b n may be i l l u s t r a t e d a s f o l l o w s : 
SHNCeHgSOpGlHHpaioGHOHR > R I I I I G 6 H 4 S O P N H G H 2 G H O H R ( a l ' - y i = H) 
The m u l t i t u e d o f d e r i v a t i v e s w h i c h were produced hy Adams e t 
a l U3ir2g the a.bove r e a c t i o n a r e o f i n t e r e s t i n t h a t t h e y a l l show/ 
l e s s a n t i s t r e p t o c o c c a l a . G t i v i t y t h a n s u l f a n i l a m i d e but p r a c t i c a l l y 
a l l were much l e s s t o x i c . The 3.ntimaningoccal a c t i v i t y o f rrany 
was found e q u i v a l e n t t o s u l f a n i l a m i d e . 
I n g e n e r a l i t was found t h a t t h e a c y l groups i n the a c y l -
a m i d o b e n z e n e s u l f o n a l k a n c l amides were r e s p o n s i b l e f o r the r e d u c t i o n 
i n t he t o x i c i t y o f the molecule. As a r e s u l t a number o f s u l f a n -
i l a m i d e d e r i v a t i v e s were prepared by Adams e t a l i n which t h e amino 
group was s u b s t i t u t e d by v a r i o u s complex a c y l groups and t h e amido 
group by e t h a n o l and i s o p r o p a n o l a I n e . None, however, shoe/ed 
a c t i v i t y co:iiparable w i t h s u l f a n i l a m i d e . A t y p i c a l compound o f 
t h i s type may be i l l u s t r a . t e d a s 
= ̂ f<^'°<^c¥^)J:o\x acyl 
c^¥^-ooc((f4y\cv^ groups 
I|-'--Acylsulfanilamides and I f - ' - , l / - D i a c y l - S u l f a n i l a m i d e 
These d e r i v a t i v e s have the g e n e r a l f o r m a l a r e s p e c t i v e l y o f 
KHg.d—g> SOoNXGOR where R - a l k y l ( 1 - 1 7 carbons) alkemdL, a r y l , 
e t c . , and x = hydrogen, s.Vyl or a c a t i o n , and R I G O N H ' O SOpKXGOR 
i n w h i c h R-'- was u s u a l l y a meth y l group, but sometimes R l and 
R were the same. The coxpounds o f t h e s e s e r i e s o f d e r i v a t i v e s 
have not been i n v e s t i g e i t e d i n d e t a i l p h a r m a c o l o g i c a l l y . However, 
r e s u l t on i Z - D o d e c a n o y l s u l f a n i l a m i d a (dodecan -Gpp) on r a t s i n -
f e c t e d w i t h b - h e m o l y t i c s t r e p , were encouraging and a l s o a r r e s t e d 
t h e s p r e a d o f t u b e r c u l o s i s i n c a v i t i e s . 
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2a. P r e p a r a t i o n pjT S u l f a n i l a m i d e 
A/O^ A»»y-^ A/f/COC/7^ 
• a c e t a n i l i d e c h l o r o s u l f o n i c 
a c i d J , 
a n a l i n e p a r a sulfonamide a c e t a n i l i d e p a r a a ^ c o t a n i l i d e p a r a 
( S u l x a n i l a m i d e ) s ulfonamide ^ s u l f o n y l c h l o r i d e 
The n i b r o group i s i n t r o d u c e d Fry the use o f c o n c e n t r a t e d 
n i t r i c a c i d ; t h i s i n t u r n i s reduced by n a s c e n t hydrogen to form 
+ -U/-> rv,-? ^•v,,-.,,^ rnT, „ T _• ,, 4.1 4-_.-l 4,4. -43 ...44.1- 4.4 « 4 4 
w 
m The l a t t e r p r oduct i s breated • d t h ammionia to form a c e t a n i l i d e 
p a r a sulfonard.de w h i c h upon l y d r o l y s i s forms t h e a n a l i n e p a r a 
s u l f o n a m i d e , 
* I follomred the n r a p a r a t i o n o f Adams a.nd Johnson o/hich 
s t a r t s w i t h ace>.,anilide. The f o l l o w i n g s t e p s a r e as those above, 
2''d. P r e p a r a t i o n o f S u l f a p y r i d i n e ( P - S u l f a n i l a j j i i d o - p y r i d i n e ) * 
2 - ( E 4 - A c 9 t y l s u l f a n i l a m i d o ) - n r i d i n e . 18.8 g.(0.2mole) of 
2-aminopyridine ( p u r i f i e d by double vacuura f r a c t i o n a t i o n and t h r e e 
r e c r y s t a l l i z a t i o n s from 1 n a r t benzene and 2 p a r t s h e x a n e ; ( m e l t i n g 
range o7.0-58.0°)• s e t t i n g " n o i n t 57.900 was d i s s o l v e d i n 7o c c . 
of anhydrous d i o x a n e ; '•'3.5 g. ( 0 . 1 mole) o f I T - a c e t y I s u l f a n i l y l 
c h l o r i d e ( r e c r v s t a l l i z e d twdce from t o l u e n e and once from c h l o r o -
form; m.p.'. 149.5-149.5°) was added. The m i x t u r e was v/armad to 
95° and h e l d f i f t e e n minubes. On c o o l i n g and s t i r r i n g , the o i l y 
l a y e r c r y s t a l l i z e d . The ciu'-stals were f i l t e r e d and washed w i t h 
25 c c . o f d i o x a n e , t h e n 9 5 c c . o f a l c o h o l , anc5 finalDp^ w i t h 
150 c c . o f w a t e r . The d r y w e i g h t was 27 g. or 92.8A based on 
N - a c e t y l s u l f a n i l y l c h l o r i d e . 
The crude 2 - ( I f ^ - a c 9 t y l s u l f a n i l a m i d o ) - p y r i d i n a was r e c r y o t a l l i z e d 
from 200 c c , o f d i o x a n e a r d l'"5 c c , of '..-ate^ w i t h Uoe o f a c t i v a t e d 
c h a r c o a l and the c r y s t a l s v/ere washed w i t h d i l u t e dioxane. On 
d r y i n g , the m a t e r i a l p a r t i a l l y melted and changed c r y s t a l l i n e 
f o rm i n d i c a t i n g l o s s o f oioxane o f c r y s t a l l i z a t i o n . .After two 
r e c r y s t a l l i z a t i o n s from VGA a l c o h o l , t h e m e l t i n g range was 225.20 
( f i r s t s o f t e n i n g ) , 226.6°(first m e n i s c u s ) , 9 2 8 . 1 o ( f i n a l m e l t i i g ) . 
T h i s v a l u e 'vas unchanged by r e c r y p s t a l l i z a t i o n from 30m a c e t i c 
a c i c i , d i a c e t o n e a l c o h o l , and 7 0 % ' a l c o h o l . On t h e Dennis b l o c V , 
t h e n i & t e r i a l melted a t 230.5° i/hen p l a c e d on the h o t bar or a t 
229.0° when warmed f r o m room t e m p e r a t u r e , '"hen a sa/ple-was 
heated a t 230° f o r f i v e m i n u t e s , t h e n r e melted, t h e range was 
190v-227.5°, i n d i c a t i n g therma.l decomr o s i t i o n . 
The c o n d e n s a t i o n was a l s o r u n i n p y r i d i n e i n which case 
e q u i m o l e c u l a r amounts o f P-aminopyridine and N - a c e t y l s u l f a n i l y l 
c h l o r i d e were used. The crude product so o b t a i n e d c o n t a i n e d a 
y e l l o w im^'urity w h i c h v/as d i f f i c u l t t o remove. 
( c o n t i n u e d ) 
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P - S u l f a n i l a m i o o p y r i d i n e . The a c e t y l d e r i v a t i v e v/as h y d r o l v z e d ' 
by b o i l i n g 29.1 G . ( 0 . 1 mole) w i t h 10 G. ( 0 . 2 5 mole) o f oodlum 
h y d r o x i d e and 150 c c . o f w a t e r f o r two h o u r s . The e x c e s s s o d i i m 
h y d r o x i d e was n e u t r a l i z e d t o pH 1 1 , a c t i v a t e d . c h a r c o a l was added, 
and t h e hot m i x t u r e c l a r i f i e d , pivinG; a c o l o r l e s s s o l u t i o n . On 
a c i d i f y i n g t o pH 6 , 2 3 . 1 g. o f c e l e r i e s c r y s t a l s was o b t a i n e d e q u a l 
t o 92.5%. 
A f t e r two r e c r y s t a l l i z a t i o n s from 70% a l c o h o l , the compound 
hao the p r o p e r t i e s noted above, which r e ' a i n e d unchanged on f u r -
t h e r r e c r y s t a l l i z a t i o n s from a l c o h o l and chlorobenzene. 
(* A c c o r d i n g to C r o s s l e y , Northey and H u l t u u i s t ) 
P r e r a r a t i o n o f S u l f any r i d , i n e * 
A c e t y l o i d f a n i l y l c h l o r i d e ( 1 0 g.) and 2 - aminopyridine (4 g.) 
were d i s s o l v e d i n 34 c c . o f acetone c o n t a i n i n g o c c . o f p y r i d i n e . 
Upon s t a n d i n g o v e r n i g h t 5 g. o f almost pure product s e p a r a t e d as 
a ¥/hite d e p o s i t . The f i l t r a t e upon d i l u t i o n w i t h w a t e r gave an 
a d d i t i o n a l 4 g. F o r a n a l y s i s i n was r e c r y s t a l l i z e d from acetone 
as s m a l l w h i t e nee c i l e s . .Removal o f t h e a c e t y l group was e f f e c t e d 
t y t r e a t i n g 1 g. o f the crude a c e t y l compound w i t h i C c c . o f 
e t h a n o l and 2 c c . o f coned, h y d r o c h l o r i c a c i d . .f f t e r r e f l u x i n g 
f o r twenty m i n u t e s , t h e r e a c t i o n m i x t u r e was d i l u t e d v / i t h w a t e r 
and made b a s i c w i t h ammonium h y d r o x i d e . I t was r e c r y s t a l l i z e d 
from e t h a n o l ; y i e l d , 0.67 g. ( 7 5 % ) . 
(* A c c o r d i n g t o " ' i n t e r b o t t o n i ) 
2c. P r e r a . r a t i o n o f 5 - l / - A c e t y l s u l f a n i l a m i d o - 2 - a c e t y l a r d n o p y r i d - i n e t 
U s i n g t h e same procedure as above, 3.0 .g. o f 5 - a m i n o - 2 -
a c e t y l a m i n o p y r l d i n e and 4,0 g. o f a c e t y l s u l f a n i l L y l c h l o r i d e gave 
6.0 g. ( 9 4 % ) of crude 5 - t p - a . c e t y l s u l f a n i l a r n i d o - 2 - a c e t y l a : d . n o -
p y r i d i n e . T h i s was c o n v e r t e d t o 5 - s u l f a n i l a i i : i d o - 2 - a m i n o p y r i d i n e 
by t h e same procedure used below f o r 3 - s u l f a r . i l a m i d o q u i n o i i n e . 
2g. P r e p a r a t i o n o f 3 - S u l f a n i l a r i i i c o q u i n o l i n e . * 
3-Aminoquinoline ( 2 . 5 g77 and a c e t y l s u l f a n i l y l c h l o r i d e 
(4.0 g.) were d i s s o l v e d i n 30 c c . o f dry p y r i d i n e . A f t e r h e a t i n g 
f o r two h o u r s on t h e steam b a t h , t h e r e a c t i o n m i x t u r e was poured 
i n t o 400 c c . o f c o l d w a t e r . The p roduct s e p a r a t e d a s a w h i t e 
c r y s t a l l i n e mass w e i g h i n g 5.4 g. when d r y . F o r a n a l y s i s a 
s m a l l amount was washed s u c c e s s i v e l y w i t h w a t e r and e t h a n o l and 
d r i e d a t 100°. One gram of t h e crude a c e t y 1 co:pound was b o i l e d 
f o r a h a l f hour w i t h 26 c c . o f 12% H C l . Upon c o o l i n g and n e u t r a l -
i z i n g w i t h ammonium h y d r o x i d e , the sulfonamide was o b t a i n e d ; 
y i e l d 0.8 g. ( 9 1 % ) . I t was r e c r y s t a l l i z e d from e t h a n o l . 
(* A c c o r d i n g t o "'interbottom) 
2e. D i s u l f a n i l a m i d e s and R e l a t e d Compounds 
The d i s u l f a n i l a m i d e s w h i c h a c c o r d i n g t o p r e v i o u s s t a t e m e n t s 
on noraencLi.ture s h o u l d be c a l l e d U ^ - s u l f a n i h I s u l f a n i l a m i c e may 
be r e p r e s e n t e d as 
? / - S u l f a n i j . y l S u l f a n i l a m i d e ' 
The c i s u l f a n i l a m i d e - SOpHESOp - r e a c t s w i t h ms.ny bs.es because o f 
t h e i r h i g h l y a c i d i c c h a r a c t e r - form a s e r i e s o f n e u t r a l s a l t s , 
most of w h i c h a r e b i g h l y w a t e r s o l u b l e and v e r y s t a b l e towardis h e a t . 
I 
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Hov/ever, i f t he hydrogen o f t h e d i s n l f o n a m i d e i s r e p l a c e d by 
a l k y l groups t h e conpounds become Wiite^- and al-w..ii I n s o l u b l e 
and sc do not form s a l t s . These conrooundo, however, appear_to 
have h i g h a n t i s t r e p t o c o c c a l a c t i v i t i e s and i n t h e case o f y l - a l k y l 
d e r i v a t i v e s , v i r u s c i d a l , a c t i v i t y a s w e l l . Thus h i - m e t h y l d i s u l f a n -
i l a m i d e (N-Hp < > S0p)N-'--CK3 and F- e t h y I d i s u l f a n i l a m i d e a r e con-
s i d e r e d more t h e r a p e u t i c a l l y e f f e c t i v e t h a n s u l f a n i l a c i i d e w h i l e 
s o l u b l e N-oodium d i s u l f a n i l a m i d e i s a l s o c o n s i d e r e d more e f f e c t i v e . 
Some of t h e t r a : e-mar'ed c l e r i u w t i v e s belongins" to t h i s grouj: a r e : 
A l b u c i d , U l e r o n or Li->eptal-A, D i s e p t a l - B , D i s u l o n . 
S t r ept o-IT- Po l y s u l f a n i l y 1 su I f a n i l a o l d e s and R e l a t e d Compounds 
These a r e n o t h i n g more t h a n compounds which c o n t a i n more 
t h a n one s u l f a n i l y l group Flip C H / SOp and a r r a n g e d i n a c h a i n -
l i k e s t r u c t u r e ( S t r e p t o ) r a t h e r t h a n ' b e i n g s e p a r a t e l y a t t a c h e d . 
F u r t h e r , i b r e , they may be d e r i v a t i v e s o f am i n o b e n z e n e s u l f o n i c a c i d s 
and c a r b o x y c l i c a c i d s , hyniroxyal'v l a r n i n e s , o u l f o n a m i d / s , and 
disulfonamiG.-;o. Three cong/ounds o f t h i s group w h i c h appear more;; 
e f f e c t i v e t h a n s u l f a n i l a m i d e a r e N-̂ ( 2 - H y d r o x y e t h y l ) - I P S u l f a n i l y l -
s u l f a n i l a m i d e ( C 1 4 H 1 7 O 5 F 3 S 9 ) ; l / - S u l f a n i l y l s i i l f a n i l a m i d e and S t r e p t o 
I T ^ - D i s u l f a n i l y l s u i f a n i l a c i i d e (CqpH;]_p06N4S3) wh i c h may be i l l u s t r a t e d 
2. ^ ^ 
I t Should be p o i n t e d out t h a t a t t h e p r e s e n t time no g e n e r a l 
c o n c l u s i o n s can be dravrn c o n c e r n i n g the e f f e c t o f i n c r e a s i n g t h e 
number o f s u x f a n i l y l groups. C e r t a i n o f t h e s e compounds appear 
e f f e c t i v e i n v i r u s d i s e a s e s , but c a u t i o n i s e x p r e s s e d i n assum-
i n g t h a t t h e r e s u l t s o f p r e l i m i n a r y s t u d i e s i n mice a r e t r a n s -
l a t a b l e t o huiian therapyn 
D e r i v a t i v e s o f " : u l f a n i l a m i d e a s r e p o r t e d by Hugo Bauer o f t h e 
U.S. }^ubliG H e a l t h S e r v i c e . - A s e r i e s o f d e r i v a t i v e s ̂ of s u l f a n i l -
amide were p r e p a r e d f o r the purpose o f chemotherapeutic s t u d i e s . 
Of the compounds s y n t h e s i z e d o f which t h e r e were n i n e t e e n r e c o r d e d 
only two e x h i b i t e d g r e a t e r e f f e c t i v e therap>eutic a c t i v i t y i n mice 
i n f e c t e d w i t h B - h e m o l y t i c s t r e p . These were s u i f a n i l y l - d -
n i t r o a n i l i n e w h i c h i s ti/o t o t h r e e t i m e s a s a c t i v e b u t tv/ice a s 
t o x i c a s s u l f a n i l a m i d e and 3 u l f a n i l y l - 4 - a : n i i n o a n i l i n e which i s 
two t i m e s a s a c t i v e and o f t h e same" t o x i c i t y / as s u l f a n i l a m i d e , 
he s t r u c t u r a l f o r m u l a s o f t h e s e t"/o d e r i v a t i v e s a r e : rriT 
0 — ' °-
I n a d d i t i o n t o t h e n i n e t e e n d e r i ' ^ a t i v e s o f s u l f a n i l a T i i d e mentioned 
above, Bauer a l o o p r e p a r e d the formaldehyde s i i l f o x y / l a t e d e r i v a t i v e 
of s i : ; l f a n i l a r n i d e . I n t h i s case the chemo t h e r a p e u t i c i n o e x ivas 
i n f e r i o r t o s u l f a n i l a m i d e pier s e. 
To t h i s group o f compounds b e l o n g s , ' t l l d a i n i l " , a t r a d e -
marked d e r i v a t i v e o f s u l f a n i l a m i d e ; ? ^ - A q y l D e r i v a t i v e o (Charpe 
d Dohme ) . These d e r i v a t i v e s have a l r e a d y been d i s c u s o e d to a 
degree elsev/here v/hen i t wras p o i n t e d out t h a t t he a n t i s t ' r ' e p t o c c i c 
a c t i v i t y o f s u l f a n i l a m i d e was reduced by the i n t r o d u c t i o n o f an 
a c y l group such a s the f o r i n l or a c e t y l ( C H 3 C O ) group on the 4-
amino n i t r o g e n . However, a c c o r d i r g t o E l l i s L T i l l e r e t a l (Sharpe 
d Dohme ) i t " w a s found t h a t t h e H ^ - n - c a p r e y l d e r i v a t i v e of 
- s -
s u l f a n i l a r a i d e i o as a c t i v e a s s u l f a n i l a m i d e i t s e l f and imuch l e o s 
t o x i c , i n t h e p r o t e c t i o n o f mice a g a i n s t IB^he.:.olytic s t r e p t o c o c c i * 
The g e n e r a l f o r m l a o f t h i s compound i s : ' ' P - c a p r e y l s u l f a i i i l a m i d e 
CgHjiCO-TK^^ ac = GHsCOfacetA 1 or f e r n x / i ) 
— " C 9 H 5 C O ( n r o r i o n y l ) 
^ C 3 H 7 C O ( n - B u t y ] ) e t e . 
2g. T h i a z o l e D e r i v a t i v e s 
These corapounds a r e s u l f a n i l amide v a r i a n t s o f the h e t e r o -
c y c l i c amines. They were o r i g i r a l l y developed by Fosb/'nder and 
" • a l t e r a l o n g w i t h o t h e r co pounds o f a s i n n l a r n a t u r e . 
S u l f a t h i a z o l e i o cha. a n a l l y S-Cp-aminotenzene-oUlfonenide) 
t h i a z o l e or b e t t e r s t i l l i t i s ' • ' - s u l f a n i l y l a m i n o t h i a z o l e . I t i s 
as e f f e c t i v e a s s u l f a p y r i d i n e i n pneumococcal pneumonia and s u p e r i o r : 
t o t h e l a u t e r s u b s t a n c e i n s t a p h l o c o c c i c i r . f e c t i o n s . T o x i c i t y 
i s e q u a l t o s u l f a p y r i d i n e and s u l f a n i l a m i d e . 
^ ^ ^ S u l f a t h i a z o l e 
The o t h e r compound o f i n t e r e s t i n t h i s group i s S u l f a m e t h y l t h i a z o l e . 
There a r e o t h e r compounds i n t h i s group such as s i / l f a p h s n y l t h i a z o l e 
but l e s s i s knovm about them. 
2h. Azo D e r i v a t i v e s 
A z o s u l f a m i d e w h i c h i s a n o n - p r o p r i e t a r y name f o r p r o n t o s i l 
and n e o p r o n t o s i l i s c h e m i c a l l y 4 - 3 u l f a m i d e benzene-2-azo-l-
hydroxy-V-acet;, l a m i n a n a p h t h a l e n e - 3 ; 6 d i s o d i u m s u l f o n a t e . T h i s 
may be i l l u s t r a t e d a s : ' OH 
The c h e m i c a l s t r u c t u r e o f p r o n t o s i l may be i l l u s t r a t e d a s : 
I t must be appa r e n t t o the r e a d e r o f the tre-'erdous p o s s i b i l -
i t i e s o f h a v i u g v a r i e d s u l f a n i l a m i d e d e r i v a t i v e s , '"ithout a 
doubt the n e x t few y/ears w i l l see many more d e r i v a t i v e s o f t h i s 
drug on the im-mket.' Today t h e r e a r e only about f o u r well-known 
d e r i v a t i v e s : S u l f a p y r i d i n e , S u l f a t h i a z o l e , '"'rontosil and Meo-
p r o n t o s i l , S u l f a n i l - G u a n a d i n e , r e c e n t l y p a t e n t e d , may or may not 
j o i n i n t h e p o p u l a r group. I t was hoped t h a t t h e s i m p l e s t r u c t u r e 
o f s u l f a n i l a m i d e par- se and i t s d e r i v a t i v e s would h e l p t o c l a r i f y 
t h e kno?/ledge o f t h e a s y e t u n s o l v e d problem o f t h e c o r r e l a t i o n 
of c h e m i c a l c o n s t i t u t i o n w i t h chemotherapeutic a c t i v i t y , ' ^ T i i l e 
t h e r e can be no doubt t h a t t h e s u l f a m i d e group i s o f importance 
f o r c h e m o t h e r a y e u t i c a c t i o n , i t has been found t h a t the e f f e c t 
i s not r e s t r i c t e d t o t h i s r a d i c a l - y e t on the b a s i s o f the i n f i n i t e 
number of corarounds w h i c h must be s t u d i e d and have been s t u d i e d 
up t o t h e p r - i s e n t t i m e , i t i s not p o s s i b l e to g e n e r a l i z e upon 
th e e s s e n t i a l n a t u r e of c e r t a i n c h e m i c a l groups. " A l l t h a t can 
be s a i d i s , t h a t g i v e n a fundamental atom or r a d i c a l , s u b s t i t u e n t s 
of .a d i f f e r e n t k i n d produce c e r t a i n changes i n the c h e m i c a l and 
p h y s i c a l p r o p e r t i e s which enabJe the r e s u l t i n g molacule i n i t s 
e n t i r e t y t o e x e r t c h a r a c t e r i s t i c and s p e c i f i c chemotherapeutic 
e f f e c t s . " 
2 i . P y r i d i n e D e r i v a t i v e s 
S u l f a p y r i d i n e i s probably the only- compound o f t h i s group 
a t t h e p r e s e n t time of any i n t e r e s t . C h e m i c a l l y i t i s 2 - s u l f a n i l y l 
a m i n o p y r i d i n e or 2 - ( p a r a m i n o b e n z e n a s u l f o n a m i d o ) p y r i d i n e . 
<III^^o^ — /UM (Dagenan) 
j A/ 
«—? r e p l a c i n g the "H" w i t h the "Na" 
r e n d e r s i t 180C t i m e s more s o l u b l e . T h i s i s c a l l e d Sodium 
s u l f a p y r i d i n e moriohydrate or Dagenan s o l u b l e . 
To t h e P y r i d i n e d e r i v a t i v e s belong the f o l l o v / i n g t r a d e -
marked drugs: "Goccocla.se" 
" E u b a s i n " 
"M 8r B 693" 
" P y r i a m i d " 
2 j . A c c o r d i n g t o Northey* 
The f r e n z i e d r e s e a r c h of the p a s t f i v e y e a r s has r e s u l t e d 
i n the s; n t h e s i s and d i s c l o s u r e o f about t h i r t e e n hundred new 
compounds d e r i v e d from t h e p a r e n t s u l f a n i 3 a m i d e . "Tien a l l i e d 
conpounds and u n d i s c l o s e d s u l f a n i l a m i d e d e r i v a t i v e s a r e adcec t o 
t h e s e , i t i s probable t h a t more t h a n t h r e e tuousand ne/v compounds 
a r e a v a i l a b l e f o r chemouhei-apeutic study. Almost every c l a s i . o f 
s u l f a n i l a m i d e d e r i v a t i v e has" now been e x p l o r e d . I n e v i t a b l y , 
t h e r e has been a.n enormous d u p l i c a t i o n i n s y n t h e s i s , so t h a t 
o f t e n f o u r or more groups have s y n t h e s i z e d the same conrpound, 
index e n d e n t l y , and w i t h i n a few da.ys or weeks o f each o t h e r , 
I T n i l e s u l f a n i l a m i d e d e r i v a t i v e s have been e r a l l e x p l o r e d 
from the che.mical sidLe, the b a c t e r i o l o g i c a l and p h a r m a c o l o g i c a l 
s t u d i e s have been s u p j e r f i c i a l and wholly/ inadequate. Obvious 
r e a s o n s f o r t h i s a r e t h a t p h a r m a c o l o g i s t s have had a yqreat 
amount of xvork i n w i d e n i n g t h e f i e l d o f u s e f u l n e s s o-l s u l f a n i l -
amide and i t s co.mmercial d e r i v t i v e s , i n i n v e s t i . g a t i n g the 
numerous t o x i c r e a c t i o n s , and i n l a y i n g a f o u n d a t i o n o f t e s t 
methods. Each new d e r i v a t i v e c a l l s fox" s e v e r a l weeds' v/or" a t 
a c o s t of many e x p e r i m e n t a l a n i m a l s b e f o r e even a p r e l i m i n a r y 
e s t i m a t i o n o f i t s t h e r a p e u t i c v a l u e a g a i n s t a s i n g l e d i s e a s e 
can be g i v e n . "Tien t h i s i s m u l t i p l i e d by t h e number of d i s e a s e s 
now knoijm t o be s u s c e p t i b l e t o t'x'eat rent by t h i s group o f d r u g s , 
i t w i l l be a p p r e c i - t e d t h a t each p h a r m a c e u t i c a l chemist s h o u l d 
be backed by a . ^ t a f f o f a t lea-^t t e n b a c t e r i o l o g i s t s and pharma-
c o l o g i s t s i f t h e y a r e to '--eep pace w i t h s y n t h e s i s i n t h i s f i e l d . 
U n h a p p i l y t h e r a t i o i s a p t t o be t h e r e v c r s e l 
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Much 01 t h e wor'-- done above on t h e d e r i v a t i v e s o f s u l f a n i l a m i d e 
i s d u p l i c a t e d i n the j o u r n a l conipleted by E. H. '^'orthey o f t h e 
American Gyanamid Gorpany, Bound Brook, New J e r s e y , i n t h e p a s t 
month of August, 1940. F o r c o i p l e x i o n h e r e i s t h e c l a s s i f i c a t i o n 
by Horthey o f t h e s u l f a n i l a m i d e d e r i v a t i v e s : 
I . N u c l e a r - s u b s t i t u t e d S' I f a n i l a m l d e s . 
I I . N T - S u b s t i t u t e d s u l f a n i - a m i d e s . 
I I I . I P - S u b s t i t u t e d sulfani-uamides. 
I V . N u c l e a r s u b s t i t u t e d o u l f a n i l a u i d e s . 
v. N u c l e a r , i f - - s u b s t i t u t e d s u l f a n i l a m i d e s . 
V I . P j l Z - S u b s t i t u t e d s u l f a n i l a m i d e s . 
V I I . N u c l e a r , P , i f - s u b s t i t u t e d s u l f a n i l a m i d e s . 
V I I I . S a l t s o f s u l f a n i l a i i i i d e . 
I X . U n c l a s s i f i e d s u l f a n i l a m i d e d e r i v a t i v e s . 
E a c h of t h e above main d i v i s i o n s i s f u r t h e r s u b d i v i d e d i n t o 
t h e f o l l o w i n g : 
a. I n o r g a n i c s u b s t i t u e n t s . 
b. I" c y c l i c s u b s t i t u e n t s , 
c. I s o c y c l i c s u b s t i t u e n t s . 
d. H e t e r o c y c l i c s u b s t i t u e n t s . 
e. A c y l s u b s t i t u e n t s . 
f . S u l f o n y l s u b s t i t v ^ e n t s . 
g. A n i l s ( S c h i f f b a s e s ) . • 
h. Azo d e r i v a t i v e s . 
( ^ S t r u c t u r e and Chemotherapeutic A c t i v i t i e s o f S u l f a n i l a m i d e 
D e r i v a t i v e s by S. H. Northey of the Galco Chemical D i v i s i o n , 
American cyanamid Company, Bound Brook, New J e r s e y ) • -
3« E x p e r i m e n t a l Chemotherapy w i t h S u i - f a n i l a a i d e and r e l a t e d compounds* 
The a c u t e t o x i c i t y o f s u l f a n i l a m i d e f o r s e v e r a l s p e c i e s of 
h i g h e r a n i m a l s hs.s been adoquatel;/ e s t a b l i s h e d . G i v e n i n s i p x j l e 
dooes by mouth, i t i s t o l e r a t e d i n amounts o f from 1.5 t o 3 gra. 
p e r k i l o g r a m , derjending on t h e s p e c i e s . C o n t r a r y to p r e v a l e n t 
o p i n i o n , v/ater i n c r e a s e s the t o x i c i t y o f s u l f a n i l a m i d e . There 
i s a d e f i n i t e need f o r some s t a r d a r d i z a t i o n o f the e x p e r i l e n t a l 
a s s a y o f chemotherapeutic a c t i v i t y o f t h e s e new drugs. A p a r t 
from such f a c t o r s as t o x i c i t y and the r a t e of a b s o r p t i o n and 
e x c r e t i o n , t h e r a p e u t i c e f f e c t i v e n e s s i s i n f l u e n c e d l y the dosage, 
the r o u t e o f a d . i i n i o t r a t i o n , t h e onset and duratio-c o f t h e r a p y , 
t h e p e r i o d o f o b s e r v a t i o n f o l l o i ' / i n g t h e r a p j / , the s t r a i n o f 
organism,the i n f e c t i n g dose and v i r u l e n c e o f t h e organisms, the 
s p e c i e s and number of t h e anima.ls and t h e c o n d i t i o n of t h e 
a n i m a l s exployad. S u l f a n i l a m d e has g i v e n encouraging r e s u l t s 
when used t o t r e a t t h e i n f e c t i o n s , s t r e p t o c o c c i c and raeningococcic. 
On s t a p h y l o c o c c i c i n f e c t i o n s i n mice a u l f a n i i a m i d e has o n l y a 
s l i g h / a c t i v i t y , b u t more f a v o r a b l e e f f e c t s have been o b t a i n e d 
w i t h s u l f a n i l y l s u l f a n i l a m i d e , and r e c e n t l y w i t h s u l f a v y r i d i n e . 
Now t o c o n s i d e r the r e l a t i o n o f c h e m i c a l s t r u c t u r e to cherrio-
t h e r a p e u t i c a c t i o n . S i n c e t h e d i s c o v e r y o f p r o n t o s i l , an iim-
pressiA/e number o f co.rpounds hs.ve been inA/estigated f o r a n t i -
b a c t e r i a l a c t i o n . Of the numerous d e r i v a t i v e s o f • s u l f a n i l a m i d e 
few p o s s e s s g r e a t e r a c t i v i t y t h a n t h e p a r e n t coirpnund a g a i n s t 
s t r e p t o c o c c i , b u t s u l f a p y r i d i n e i s one i l l u s t r a t i o n t h a t d e r i v a -
t i v e s can be o b t a i n e d w i t h enhanced a c t i v i t y a g a i n s t s p e c i f i c 
I n f e c t i o n s . The discoverA/ t h a t 4,4'-diamine d i p h a n y l s u l f o n e and 
c e r t a i n derivatiu'-es ware imny times as a c t i v e a g a i n s t s t r e p t o c o c c i 
as s u l f a n i l a m i d e marked an i r r p o r t a n t advance, s i n c e t h e s e corrv-
pounds c o n t a i n no s u l f o n a r r i d e group. The a c t i v e r a d i c a l common 
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t o t h i s e n t i r e c l a s s of co ounds my he c h a r a c t e r i z e d If S, 
A c t i v i t y h a s been r e p o r t e d f o r dihydrox;/ d i n h e n y l s u l f o n e , 
d e m o n s t r a t i n g t h a t n i t r o g e n i s not i n a l l cases" n e c e s s a r y f o r 
a c t i v i t y . 
T h a t s u l f u r i s not e s s e n t i a l f o r a c t i v i t y has been shown i n 
t h a t asy r a a e t r i c a l a r s e n i c d e r i v a t i v e s analogous to t h e s u l f ones 
4 , 4 ' - a c e t y l a a i n o n i t r o d i p h e n y l 4 , 4 ' - a c e t y l a m i n o n i t r o d i p h e n y l 
siij-fone a r s i n i c a c i d 
p o s s e s s a n t i s t r e p t o c o c c i c a c t i o n , p - h i t r o b e n z o i c a c i d NOgOCOOH 
has a s l i g h t a c t i o n a g a i n s t pneumococcic and s t r e p t o c o c c i c i n -
f e c t i o n s i n n i c e . These b r i e f examples oerve t o i l l u o t r a t e t h e 
wide c h e m i c a l f r o n t a l o n g w h i c h the' concuest o f b a c t e r i a l i n -
f e c t i o n s may be approached. A s u r v e y o f t h e numerous dariA/atiA/es 
b r i n g s out t h e importance o f an amino or n i t r o group i n the p a r a 
p o s i t i o n i n the benzene r i n g . S u o s t i t u t i o n s i n the amino group 
of s u l f a n i l a m i d e a r e much more prone to d i m i n i s h a n t i b a c t e r i a l 
a c t i v i t y t h a n s u b s t i t u t i o n i n the sulfonamide group. 
R e l a t i v e l a r g e doseo of s n l f a n i l a ..ide and r e p e a t e d t h e r a p y 
a r e r e q u i r e d t o b r i n g about a h i g h p e r c e n t a g e o f c u r e s i n s t r e p -
t o c o c c i c i n f e c t i o n s i n mice, ' " i t l i pneu rioccic i n f e c t i o n s , marked 
v a r i a t i o n i n r e s p o n s e t o t h e r a p y o c c u r s w i t h d i f f e r e n t s p e c i e s o f 
a n i m a l s . Combination of s u l f a n i l a m i d e t h e r a p y w i t h s p e c i f i c 
a n t i s e r u m i n pneumococcic, menipgococcic and s t r e p t o c o c c i c i n -
f e c t i o n s i n mice b r i n g s about more f a v o r a b l e r e s u l t s t h a n those 
o b t a i n e d w i t h e i t h e r t y p e of t h e r a p y used a l o n e . I t has been 
shovm t h a t s u l f u r i s not e s s e n t i a l t o t h e r a p e u t i c a c t i A / i t y . A n t i -
b a c t e r i a l p r o p e r t i e s have bean demonstrated f o r soma a r o m a t i c 
a r s e n i c comr/ounds, a s v«/ell ao f o r p - n i t r o b e n z o i c a c i d . F o l l o w i n g 
t h e o r a l a d m i n o t r a t i o n of s u l f a n i l a m i d e to r a b b i t s , a e m a i l 
p e rcentage o f an o x i d a t i o n p r o d u c t o f t h e amino group(hydroxAAla.-lne) 
hae been d e t e c t e d i n the u r i n e . Other i n v e s t i g a t i o n s have_suggested 
t h e p o s s i b l e s i g n i f i c a n c e o f t h i s d e r i A / a t i v e i n the mechanism 
o f actioPx of s u l f a r d l a m i d e , 
(*J.A.M.A. V o l 113: p 1710-14 ( 1 9 1 9 ) ) 
4. Method of D e t e r m i n i n g P a r a Aminobenzenesulfona mide i n t h e 
Blood and U r i n e 
The method o f a n a l y s i s i n blood and u r i n e ( a s well as o t h e r 
body f l u i d s ) i s based on d e o z o t i z a t i o n o f t b a aminobenzene-sulfon-
amide w i t h n i t r o u s a c i d and c o u p l i n g the r e s u l t i n g d i a z o conpound 
i n a c i d s o l t u i o n w i t h d i m e t h y l a-napthylamine t o produce a pur-
p l i s h r e d azo dye -which can e a s i l y be estims.ted by c o l o r i m e t r i c 
comparison. T h i o r e a c t i o n dependv^ on t h e p r e s e n c e of an amino 
group s u b s t i t u t e d i n t h e benzene r i n g and w i l l e s t i m a t e any com-
pound t o which the s u l f o n i m i d e i s changed i n t h e organism and 
i n which t h e amino group i s i n t a c t . T h i s c o l o r r e a c t i o n i s ex-
c e e d i n g l y d e l i c a t e , b e i n g d e t e c t a b l e i n a s o U ' t i o n o f the s u l f o n -
imide of one p a r t i n twenty m i l l i o n o f w a t e r . 
F o r t h e d e t e r m i n a t i o n t h e f o l l o w i n g r e a g e n t s a r e r e c n i r e d : 
1 . H/10 E C l , 2. NaUOq.1% f r e s h l y p r e p a r e d , 3. E t h y l A l c o h o l 95%, 
4. D i m e t h y l - a - n a p h t h y l a o i i n e , I c c - l O O c c . o f a l c o h o l , 5. A s t a n d -
a r d s o l u t i o n of para-aminobenzenesulfonamide, 200 ng. p e r _ l i t e r . 
From t h i s s o l u t i o n , s t a n d a r d s o l u t i o n s , c o n t a i n i n g 1.0, O.o, and 
.rqg. p e r 100 c c . can be p r e p a r e d . C.2 
The f o l l o w i n g procedure i s iioed: One voluiaa o f blood i s 
r u n s l o w l y w i t h s h a k i n g i n t o 9 volumes o f a l c o h o l , and'.the: f l a s k 
i s s t oppered and allov/ad t o otand texa minutes or l o n g e r . The 
m i x t u r e i s now f i l t e r e d and 10 c c , o f the f i l t r a t e measured i n t o 
a s . . a l l f l a s k . 5 c c . o f w a t e r , 2 c c . of HOI, 1 c c . o f NaNOp and 
1 c c . o f d i m e t h y l a-naphthylamine a r e s u c c e s s i v e l y added. The 
c o l o r e d s o l u t i o n i s s l i g h t l y t u r b i d b u t a f t e r standixig f i v e Piin-
u t e s can se f i l t e r e d and t h e c l e a r f i l t r a t e Uoed f o r c o l o r i m e t r i c 
coiitparioon. An a p p r o p r i a t e s t a n d a r d i s p r e p a r e d a t t h e same time 
by adding 1 c c . o f a s t a n d a r d s o l u t i o n o f t h e s u l f o n i m i d e to 
9 c c . o f a l c o h o l and t r e a t i n g t h e s o l u t i o n a s d e s c r i b e d f o r t h e 
blood f i l t r a t e . C o l o r comparison i s b e s t made about 15 or 20 
minutes a f t e r t h e r e a g e n t s have b-^en added. S i n c e only 92% of 
the sulfonamide i s r e c o v e r e d from b l o o d by t h i s p r o c e d u r e , the 
f i n a l r e s u l t i s d i v i d e d sv 0.92 t o o b t a i n the c o r r e c t c o n c e n t r a t i o n 
o f blood. S u b s e q u e n t l y i t was found t h a t i f t h e dimethyl-a-naph-
t h y l a i n i n e i o added about 3 minutes a f t e r t h e ?'aN02,a more i n t e n s e 
c o l o r i s o b t a i n e d and t h e vacovevy i s p r a c t i c a l l y 100%. 
The method o r i g i n a l l y used f o r t h e d e t e r m i n a t i o n o f s u l f a n i l -
amide i n blood and u r i n e both i n e x p e r i m e n t a l work and i n con-
t r o l l i n g t h e dosage o f t h e drug f o r p a t i e n t s h a s r e c e " b l y en-
countered c e r t a i n d i s a d v a n t a g e s . The use o f N,M-dimethy1-1-
n a p h t h y l a m i n e ; ( d i m e t h y l - a - n a p h t h y l a m i n e ) as t h e c o u p l i n g component 
f o r t h e d i a z o t i z e d s u l f a n i l a n i d e i s not e n t i r e l y s a t i s f a c t o r y on 
account o f t h e necessitA/ o f a c a t a l y s t f o r r a p i d development o f 
c o l o r i n d i l u t e s o l u t i o n s , t h e need o f a l a r g e e x c e s s of t h e 
r e a g e n t , and t h e n e c e s s i t y o f a c e r t a i n amount o f a l c o h o l t o 
keep the r e s u l t a n t , .azo dye i n s o l u t i o n . A c o u p l i n g component which 
can be o b t a i n e d i n t h e form of a c r y s t a l l i n e s a l t o f r e p r o d u c i b l e 
c o m p o s i t i o n and "rhich g i v e s a s o l u b l e azo dye i n a c i d solu.tion 
appeared d e s i r a b l e . Other cotponents w h i c h can be u s e d , a l o n g w i t h 
t h e i r a d v a n t a g e s , a r e shown i n t h e f o l l o w i n g t a b l e : 
4a. 
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5, D e t e r m i n a t i o n o f Sulfaj22£f.ldine i n t l i e B lood and U r i n e 
The f o l l o w i n g r e a g e n t s a r e r e q u i r e d : 1. A s o l u t i o n o f t r i -
c h l o r o a c e t i c a c i d c o n t a i n i n g 15 gm. d i s s o l v e d i n w a t e r and d i l u t e d 
t o 100 c c . , 2, A 0,1 % s o l u t i o n o f sodium n i t r i t e , 3. An aqueous 
s o l u t i o n o f U - ( 1 - n a p h t l i y l ) e t h y l e n e d i a x-dne d i h j / d r o c h l o r i d e c o n t a i n i n g 
100 mg, p e r 100 c c . , 4. A s o l u t i o n o f s a p o n i n " c o n t a i n i n g 0.5 gra. 
pe r l i t e r , 5. 4N HGl, 6. A s o l u t i o n o f ammonium s u l f a m a t e , c o n t a i n i n g 
O.o gm. per 100 cc . , 7. A stoc-- s o l u t i o n o f s u l f a p y r i d i n e i n w a t e r 
c o n t a i n i n g 200 rrg. p e r l i t e r . T h i s s o l u t i o n i s d i l u t e d and used 
to e s o a b l i b h a c a l i b r a t i o n c u r v e . 
Procedure f o r Blood: 2 c c . o f o x a l a t e d blood a r e measured 
i n t o a f l a S " - and d i l u t e d w i t h 30 c c , of s a p o n i n s o l u t i o n , and a f t e r 
1 or 2 minutes p r e c i p i t a t e d w i t h 8 c c . of t h e s o l u t i o n o f t r i c h l o r o -
a c e t i c a c i d . The f r e e s u l f a p y r i d i n e i s determined i n the f i l t r a t e 
a s f o l l o w s : 1 c c . o f t h e sodium n i t r i t e s o l u t i o n i s added to 10 cc. 
o f t h e f i l t r a t e . A f b e r 3 minutes' s t a n d i n g , 1 c c . o f the s u l f a m a t e 
s o l u t i o n i s added, and a f t e r 2 minutes' s t a n d i n g , 1 c c . of the s o l u t i o n 
o f N - ( l - n a p h t h y l ) e t h y l e n e d i a x m n e d i h y d r o c h l o r i d e i s added. The 
unknown i s cospared w i t h an a p p r o p r i a t e s t a n d a r d which has been 
t r e a t e d a s above. T h i s cor-parison may be made immediately a "id no 
change i n c o l o r i s observed f o r 1 hour or more. To determine the 
t o t a l s u l f a p y r i d i n e , 10 c c , of t h e f i l t r a t e a r e t r e a t e d w i t h 0,5 c c , 
o f 411 h y d r o c h l o r i c a c i d , h e a t e d i n a b o i l i n g w a t e r bath f o r 1 hour, 
c o o l e d , and the volume a d j u s t e d t o 10 c c . ""he subsequent procedure 
i s a s s t a t e d above f o r d e t e r m i n i n g f r e e s u l f a p y r i d i n e . 
Procedure f o r U r i n e : P r o t e i n - f r e e u r i n e i s d i l u t e d t o c o n t a i n 
about 1 to 2 mg, of s u l f a p y r i d i n e p e r ICQ c c . , and 50 c c . o f the 
d i l u t e d u r i n e p l u s 5 c c . o f the -UT h y d r o c h l o r i c a c i d a r e d i l u t e d t o 
100 c c . 10 c c . of the pro d u c t o f t h i s .second d i l u t i o n a r e t r e a t e d 
a s a blood f i l t r a t e f o r f r e e s u l f a p y r i d i n e , and 10 cc. a r e heated 
w i t h o u t f u r t h e r a d d i t i o n o f a c i d , f o r t o t a l s u l f a ; y r i d i n e . I f the 
u r i n e c o n t a i n s p r o t e i n , i t i s d i l u t e d and trxaated by the procedure 
f o r blood. 
I n the d e t e r m i n a t i o n o f s u l f a p y r i d i n e , t he f o l l o w i n g may be 
mentioned. To a saniple o f raixed human b l o o d , s u l f a p y r i d i n e was added 
to make about 10 ng.'per ICO c c . I ^ ' r e c i p i t a t i o n i n a 1:4 d i l u t i o n 
gave 80.8% r e c o v e r y : i n a 1:20 d i l u t i o n , 93.7%; and i n a l:oO d i l -
u t i o n , 99.4%. A nuniber o f o t h e r e x p e r i m e n t s i n d i c a t e inxomplete 
r e c o v e r y ( a v e r a g e 91%) i n 1:20 d i l u t i o n w i t h 5 t o 10 mg, p e r 100 c c , 
i n b lood, but e s s e n t i a l l y complete w i t h v a l u e s below 5 mg, p e r 
100 CO. "Uth a 1:50 or g r e a t e r d i l u t i o n , r e c o v e r y i s q u a n t i t a t i v e . 
5a. A Few D e t a i l s o f G u l f a n y r i d i n e 
I n t r o d u c t i o n o f O u i f a p y r i d i n e : I n t h e May 28, 1838, i s s u e o f t h e 
L a n c e t , '"hitby r e p o r t e d t h a t 2 - s u l f a n i l y l a m i n o p y r i d i n e , one o f t h e 
many s u b s t a n c e s o y n t h e s i z e d by Dr. A.J.Ewins and Mr. M , A , P h i l l i p s 
i n t he c h e m i c a l r e s e a r c h l a b o r a t o r i e s o f May Ba^-er, L t d . , a t 
Dagenham, E n g l a n d , was e f f e c t i v e i n e x p e r i m e n t a l pneumococcic i n f e c t -
i o n s o f mice. " T i i t b y a l s o p u b l i s h e d the c o n s t i t u t i o n a l f o r m u l a 
o f 2 - s u l f a n i l y l a m i n o p y r i d i n e , a s e s t a b l i s h e d by U v i n s and ^ h i l l i p s . 
C h emical D e s c r i p t i o n : E u l f a p u ' r i d i n e Merck ("Dagenan") i s a w h i t e 
c r y s t a l l i n e powder, oxelting a t 190.5° t o 191.5°. The s u l f a p y r i d i n e 
i s a l most 30 times l e s s s o l u b l e i n w a t e r t h a n s u l f a n i l a dde, b u t 
the s o l u b i l i t i e s o f both substanc -s i n c r e a s e r a p i d l y w i t h r i s i n g 
t e m p e r a t u r e . A t 27,5°G, a s a t u r a t e d aqueous s o l u t i o n o f s u l f a n i l a m i d e 
c o n t a i n s 800 m i l l i g r a m s o f s u l f a n i l a m i d e r e r 100 c c , , whereas a 
s a t u r a t e d , s o l u t i o n o f - u l f a p y r i d i n e c o n t a i n s o n l y 28 m i l l i g r a m s o f 
s u l f a p y r i d i n e per ICO c c . 
C l i n i c a l Pharmacology: I b s o r n t i o n - "Tien s u l f a p y r i d i n e i s a d m n i s t e r e d 
o r a l l y , i t i s absorbed f a i r l y r a p i d l y from t h e ' g a s t r o - i n t e s t i n a l 
t r a c t , a l t h o u g h not i n such c o n s t a n t amounts as ' s u l f a n i l a m i d e , " ' i t h i n 
a s h o r t time a f t e r a d - i i i n i s t r a t i o n , s u l f a p y r i d i n e may be d e t e c t e d 
i n the blood by means o f a t e s t i n w h i c h ' i t i s t r a n s f o r m e d i n t o a 
c o l o r e d dA/e s u b s t a n c e . T h i s i s t h e n compared w i t h knoam s t a n d a r d s 
p r e p a r e d from pure s u l f a p y r i d i n e . F a t e - A r o m a t i c compounds w i t h a 
f r e e para-amino group A//hen absorbed undergo c e r t a i n changes e f f e c t e d 
c h i e f l y i n t h e l i v e r , A c e t y l a t i o n i s one'mechanism w h i c h b l o c k s 
t h e f r e e amino group and may r e n d e r t h e co/mound more or l e s s i n e r t . 
Thus, s u l f a p y r i d i n e a f t e r a b s o r p t i o n i s i n p a r t a c e t y l a t e d , 
M 
The a c e t y l d e r i A m t i v e o f s u l f a p y r i d i n e 
ooth the f r e e compound and c o n j u g a t e d d e r i v a t i v e a r e found i n blood, 
body f l u i d s , and u r i n e . B l o o d " C o n c e n t r a t i o n - The c o n c e n t r a t i o n 
o f f r e e s u l f a p y r i d i n e i n t h e blood f o l l o w i n g t h e o r a l ad i i i a i s o r a t i o n 
o f a g i v e n dose cannot be p r e d i c t e d w i t h t h e same a c c u r a c y as i s 
p o s s i b l e w i t h s u l f a n i l a m i d e , ' " i t h everage e f f e c t i v e t h e r a p e u t i c 
d o ses, t h e blood l e v e l s o f f r e e o u i f a p y r i d i n e u s u a l l y range f r o m 
3 t o 6 irg. per 100 c c . I n g e n e r a l , blood l e v e l s o f f r e e o u i f a p y r i -
d i n e a r e lower t h a n those o b t a i n e d w i t h s i m i l a r doses of s u l f a n i l a m i d e . 
E x c r e t i o n - B oth the f r e e and a c e t y l a t e d forms o f si.i I f a p y r i d i n e a r e 
a p p a r e n t l y e x c r e t e d a l m o s t e n t i r e l y through t h e kidneys, but e x c r e t i o n 
does not xirocaed oo r a p i d l y as w i t h s u l f a n i l a l i d e and may be r e t a r d e d 
i n the p r e s e n c e o f r e n a l impairment. I f c o n f i r m e d , t h i s f i n d i n g , 
t h a t s u l f a p y r i d i n e w i t h the'para-amino group f r e e i s c o n j u g a t e d i n 
t h e body w i t h g l y c u r o n i c a c i d to form a v e r y s o l u b l e compound, 
may prove i a p o r t a n t evith r e l a t i o n to the f o r m a t i o n o f r e n a l c a l c u l i . 
T o x i c o l o g y -''Discussed l a t e r with'-the t o x i c r e a c t i o n s of S u l f a n i l -
amide and i t s d e r i v a t i v e s . A d m i n i s t r a t i o n - The methodand t i m i n g 
o f a d m i n i s t r a t i o n , as w e l l as t h e dose g i v e n , a r e i n p o r t a n t f a c t o r s . 
Nausea and v o m i t i n g o c c u r r i n g d u r i n g t h e f i r s t day or two o f adArdn-
i s t r a t i o n may dioappear even though the t r e a t m e n t i s c o n t i n u e d . 
Ho'vever, nausea and v o m i t i n g a r e m j o r <and f r e c u e n t d i f f i c u l t i e s i n 
t h e a d m i n i s t r a t i o n o f the drug. Soma p a t i e n t s t a k e t h e 0.5 gm. 
t a b l e t s w i t h o u t d i f f i c u l t y . I n some c a s e s , the drug i s b e t t e r 
t o l e r a t e d i f t h e t a b l e t s a r e i:u.lA/^^--i.z9d and suspended i n a l k a l i s , 
m i l k , or f r u i t j u i c e s . The a d m i n i s t r a t i o n o f g e l a t i n , o l i v e o i l , or 
some comparable d e / a i l c e n t su-.stance i s o c c a s i o n a l l y o f h e l p . Come 
t o l e r a t e ' t h e drug b e t t e r when i t i s g i v e n b e f o r e meals; o t h e r s 
when i t i s g i v e n a f t e r l e a l s . S m a l l doses o f b a r b i t a l or pheno-
b a r b i t a l may e l i m i n a t e navisea. 
Dosage: The most e f f e c t i v e means o f d e t e r m i n i n g t h e dose i s t o laaDe 
a d a i l y e s t i r i T a t i o n o f t h e s u l f a p y r i d i n e i n the blood. Blood con-
c e n t r a t i o n s r a n g i n g bet'-een 3 and ^ mp. o f f r e e drug per 100 c c . a r e 
u s u a l l y con.oiderad adequate. 
6. D e t e r m i n a t i o n of S u l f a t h i a z o l e i n B l o o d and U r i n e 
The f o l l o w i n g r e a g e n t s a r e r e q u i r e d : 1 . A s o l u t i o n o f t r i -
c h l o r o a c e t i c a c i d c o n t a i n i n g 15 gm. d i s s o l v e d i n v/ater and d i l u t e d 
-17-
t o 100 CO., 2. A 0.1 % s o . l u t i o n of sodium n i t r i t e , 3, An aqueous 
s o l u t i o n o f N - ( l - n a p h t h y l ) e t h y l e n e d i a m i n e d i h y d r o c h l o r i d e ' c o n -
t a i n i n g 100 -rg, per 100 c c . T h i s s o l u t i o n s h o u l d be kept i n _ a 
d a r k - c o l o r e d b o t t l e . , 4. A s o l u t i o n o f s a p o n i n c o n t a i n i n g 0.5 pm. 
per l i t e r , 5. 4N H G l , 6. A s o l u t i o n o f ammonium s u l f a m a t e , c o n t a i n -
i n g 0.5 gm. p e r 100 c c . , 7. A stoc'- s o l u t i o n o f s u l f a t h i a z o l e i n 
w a t e r c o n t a i n i n g TOO ng. per l i t e r . T h i s s o l u t i o n i s d i l u t e d and 
used to e s u a l l i s h a c a l i b r a t i o n c u r v e . 
Procedure f o r B lood: 2 c c . o f o x a l a t e d blood â -e measured i n t o 
a f l a s k and d i l u t e d v / i t h 30 c c . o f s a p o n i n s o l u t i o n . The procedure 
i s t h en c a r r i e d out t h e same as d e s c r i b e d above f o r s u l f a p y r i d i n e . 
"•rocedure f o r '^^^rine: The same a s f o r s u l f a p y r i d i n e . 
6a. A Few D e t a i l s o f S u l f a t h i a z o l e 
C h emical D e s c r i p t i o n : S u l f a t h i a z o l e i s a w h i t e c r y s t a l l i n e noi/der 
w h i c h m a l t s a t '"000-20?OC. A.t 2G0C. s u l f a t h i a z o l e i s s o l u b l e i n 
w a t e r t o the e x t e n t o f SQ ng. i n 100 c c . and i n a l c o h o l , 525 g. 
p e r 100 cc. he s a t u r a t e d w a t e r s o l u t i o n has a pH o f 0.0. 
C l i n i c a l P h a r m o o l o g y : A f t e r o r a l a d m i n i s t r a t i o n s u l f a t h i a z o l e i s 
r e a d i l y abx^orbed from t h e g a s t r o - i n t e s t i n a l t r a c t , b u t d i s a p p e a r s 
from the blood v e r y r a p i d l y . I n soma c a s e s t h i s may be an advantage 
( e . g . ease of removal i n t h e p r e s e n c e o f t o x i c r e a c t i o n s ) and i n 
o t h e r s may be a d i s a d v a n t a g e ( e . g . d i f f i c u l t y i n m a i n t a i n i n g an 
adequate blood c o n c e n t r a t i o n ) . FolloAving o r a l a d m i n i s t r a t i o n of 
s u l f a t h i a z o l e , the p e r c e n t a g e o f a c e t y l s u l f a t h i a z o l e i n the blood 
i s g r e a t e r t h a n t h e percentage o f a c e o y l s u l f a p y r i d i n e under s i m i l a r 
c i r c u m s t a n c e s . Long r e p o r t s t h a t s u l f a t h i a z o l e i s d i s t r i b u t e d i n 
t i s s u e s , e x u d a t e s , and t r a n s u d a t e s i n the same manner as s u l f a n i l -
amide and o u i f a p y r i d i n e . However, the amount p r e s e n t i n s q n c i i i c 
body f l u i d s and t i s s u e s i s i n c o n s t a n t . '•Penetration o f the s p i n a l 
f l u i d i s poor and s u l f a t h i a z o l e i s not recommenced i n meningeal 
i n f e c t i o n o . S u l f a t h i a z o l e i s e x c r e t e d almost e n t i r e l y through 
t h e kidney and a t a r a p i d r a c e . T^'nder s i e i i l a r c o n d i t i o n s the 
a v erage p e r c e n t a g e of a c e t y l s u l f a t h i a z o l e i n the u r i n e i s lower 
t h a n t h e average percentaq:e o f s u l f a p y r i d i n e . Because of the r a p i d 
e x c r e t i o n o f t i e drug, i t i s d i f f i c u l t t o m a i n t a i n an adaquate 
blood l e v e l o f s u l f a t h i a z o l e even w i t h adequate a d m i n i s t r a t i o n . 
Dosage: S u l f a t h i a z o l e i s p o o r l y s o l u b l e and hence must be a d m i n i s t e r e d 
by t h e o r a l r o u t e . I n t h e t r e a t m e n t o f pneumococcic pneumonia i n 
a d u l t s ( p a t i e n t s over 14 y e a r s o f age) t h e i n i t i a l dose of s u l f a -
t h i a z o l e s h o u l d be 4,0 gm. , to be f o l l o w e d by 1.0 gm. eveiq- 4 hours 
day and n i g h t u n t i l the p a t i e n t ' s temperature has been normal f o r 
72 h o u r s . Then d i s c o n t i n u e t h e drug. S u l f a t h i a z o l e s hould not be 
used i n t h e t h e r a p y of any t y p e of m e n i n g i t i s because the drug 
does not p a s s over r e a d i l y i n t o t h e s p i n a l f l u i d . -^Yie drug s h o u l d 
not be u.4.ed i n the t r e a t m e n t o f minor' s t a p h y l o c o c c i c i n f e c t i o n s such 
as l o c a l i z e d b o i l s and s m a l l c a r b u n c l e s or i n m i l d f u r u n c u l o s i s . 
B. A Few D e t a i l s of N e o p r o n t o s i l 
As s t a t e d b e f o r e ( s e e nage 2 ) , •^''eoprontosi 1 i s disodium 
4 - s u l f a m i d o - p h e n y l - ' ^ - a z o - 7 - a c e t y l a i i n o - 1-hydroxynaphthalene 3, 
6 - d i s i ' l f o n a t e . I t o c c u r s i n the form o f a dar> r e d , t ' S t e l e s s , 
o d o r l e s s powder, s o l u b l e i n w a t e r , but v i r t i x a l l y i n s o l u b l e i n 
o r g a n i c s o l v e n t s . F o r p e r o r a l u s e , i t i s now a v a i l a b l e i n t a b l e t s 
o f 5 g r a i n s . 
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A c t i o n of N e o p r o n t o s i l : The t h e o r y t h a t the a c t i v i t y o f •Meoprontosil 
i s due S o l e l y t o the s u l f a n i l a m i d e l i b e r a t e d through r e d u c t i o n i n 
t h e body i s not u n i v e r s a l l y a c c e p t e d . An i n c r o a s i r g number of i n -
v e s t i g a t o r s i n c l i n e t o the v i e w t h a t the d i f f e r e n t components o f 
t h e c o i i p l e x ""eoT-ronto^i 1 l o l e c u l e c o n t r i b u t e t o i t s s p e c i f i c e f f e c t . 
As t h e s e a u t h o r s s t a t e , the c o n c l u o i o n seems i n e v i t a b l e t h a t u n l e s s 
one wished to a t t r i l x t e such s a t i s f a c t o r y r e s u l t s t o the s m a l l 
amount of s u l f a n i l a m i d e , i t must be assumed t h a t N e o p r o n t o s i l i s 
capable of producing o t h e r added c h e - i o t h e r a p e u t i c a c t i o n s i n the body. 
8. T o x i c o l o p v o f S u l f a n i l a m i d e and . I t * s p e r i y a t i y e s 
No p a t i e n t should be t r e a t e d w i t h s u l f a n i l a x i i d e or s u l f a -
p y r i d i n e u n l e s s arrangements a r e made f o r d a i l y a t t e n t i o n by a 
p l r - s i c i a n . 
T h i s i s n e c e s s a r y becau~»e o f h.e s e r i o u s t o x i c e f f e c t s o f t h e s e 
d r u g s , w h i c h , w h i l e not f r e q u e n t , a r e g e n e r a l l y u n p r e d i c t a b l e i n 
t h e i r o c c u r r e n c e and presumably have as t h e i r b a s i s a p e c u l i a r 
i d i o s y n c r a s y . 
8a. C e n t r a l Nervous ""yotem D i s t u r b a n c e s 
p V n s e a w i t h " o m i t i n g - sometimes v e r y s e v e r e , i s t h e most 
c o n s t a n t and f r e q u e n t s i d e a f f e c t , o c c u r s v/hether the drug i s g i v e n 
o r a l l y or by p a r e n t e r a l i n j e c t i o n , a r e much more f r e q u e n t i n the 
course o f s u l f a p y r i d i n e t h e r a p y t h a n w i t h s u l f a n i l a m i d e ; d i s c o n t i n -
uance of drugs i s not n e c e s s a r y because t h e se'raptoms u s u a l l y occur 
e a r l y i n t h e treogment and may cease l a t e r . 
Other d i s t u r b a n c e s i n t h i s g/stem, i n c l u d i n g v i r t i g o , head-
ache, m a l a i s e , mental devnession," and t o x i c p s y c h o s i s , a r e o f t e n 
r e c o r d e d . I n such ca^es d i s c o n t i n u a n c e of d r u s i s recommended. 
Cy a n o s i s - J n s u l f a p y r i d i n e C y a n o s i s i s r a r e l y so SB.rked or so f r e q u e n t 
a s w i t h s u l f a n i l a m i d e , and t h e w i t h d r a w a l of the drugs i s not 
n e c e s s a r y . 
Drug Rashes - I n some c a s e s , obser-'ation has been made t h a t photo 
s e r i o i t l v i t y i n c r e a s e s t h e s e v e r i t ; ' o f t h i s r e a c t i o n . I t i s .suggested 
t h a t p a t i e n t s who a r e r e c e i v i n g t h e s e drugs be removed from s t r o g g 
sun l i g h t , or e l s e r e c e i v e u l t r a v i o l e t - i r r a d i a t i o n . Tlie r a s h e s 
,iB.p- be accompanied by f e v e r . 
Drug F e v e r s - A r i s e i n temperature w i t h o u t a. change i n the w h i t e 
blood c e l l count i s an i n d i c a t i o n o f drug f e v e r , but, i n some c a s e s 
drug f e v e r may a l s o be accompanied by a r i s e i n t h e w h i t e blood 
count. The r e a c t i o n g e n e r a l l y o c c u r s between t h e f i f t h and ninth-
days o f t h e r a p y and i s l e s s f r e q u e n t i n the course o f s u l f a p y r -
i d i n e t h e r a p y . 
A c i d o s i s - T h i s may be produced i n c e r t a i n i n d i v i d u a l s i n s u l f a n i l a m i d e 
theraiPjA and has not been noted i n s u l f a p y r i d i n e . The r o u t i n e , con-
c u r r e n t use o f sodium b i c a r b o n a t e g e n e r a l l y p r e v e n t s t h i s com-
p l i c a t i o n . 
I l e y a t i t i s - H e p a t i t i s , acconq^anied l y j a u n d i c e and, i n a few 
i n s t a n c e s , ending; f a t a l l y , i s one o f the r a r e r cor p l i c a t i o n s o f 
s u l f a n i l a m i d e t h e r a p y . I n s u l f a p y r i d i n e , s e r i o u s i n s t a n c e s o f 
h e p a t i t i s have been r e p o r t e d . I n s t a n c e s o f g r o s s he a a t u r i a w i t h 
and w i t h o u t s i g n s ox r e n a l f a i l u r e have b-en noted i n p a t i e n t s r e -
c e i v i n g t h i s drug. Galc'-lus f o r m a t i o n had been observed i n s u l f a -
p y r i d i n e t h e r a p y , t h e c a l c - l i b e i n g composed c h i e f l y o f a c e t y 1 -
s u l f a p y r i d i n e . I t i s suggested t h a t l a r g e q u a n t i t i e s of f l u i d be 
t a k e n w i t h t h e drug and t h a t t h e u r i n e be anabnzed by the use of 
sodium b i c a r b o n a t e . 
l e v era T p x i e Z U X f f / s - " e r l o u s r e a c t i o n s o f g r a n u l o c y t o s i s o r neu-
t r o p e n i a and a c u t e h e m o l y t i c anemia, could be d e t e c t e d o n l y by 
d a i l y blood counts and he'ioglobin e s t i m a t i o n . 
A g r a n : ; l G c y t o s i s say p r o g r e s s v e r y r a p i d l y a n d i s g e n e r a l l y 
evidenced by a droy below th e normal l e v e l i n the w h i t e blood 
c e l l count, and p a r t i c u l a r l y the n e u t r o p h i l s . I t i s a d v i s a b l e to 
w ithdraw the drugs immediately. 
The a c u t e h e - i o l y t i c anemia, i s not i n f r e c u e n t and n y be 
f a i r l y p r o g r e s s i v e . T h i s c o u l d be c o n t r o l l e d t y r e p e a t e d t r a n o f u s i o n 
and the w i t h d r a w a l o f the drugs s h o u l d be r e s o r t e d to only i f t h e 
i n t r a v e n o u s i n j e c t i o n f a i l e d "to c o n t r o l t h e anemia. 
I n p a t i e n t s who have a d e c r e a s e i n r e n a l f u n c t i o n the normal 
e x c r e t i o n o f t h e drugs i s i m p a i r e d , and an a c c u m u l a t i o n o f s u l f a -
n i l a m i d e i n t h e blood and. t i s s u e s of t h e p ' t i e n t s may occixr i f 
came i s not ta'-en i n r e g u l a t i n g t h e dosage of the drug. 
"Tien s e v e r e o l i g u r i a or a n u r i a o c c u r s , Brown e t a l . a d v i s e d 
the a d m i n i s t r a t i o n of h y p e r t o n i c dext'-ose o o l u t i o n s by continuous 
i n t r a v e n o u s d r i p method'.' From 300 to 400 c c . o f PC t o ?5 p e r 
c e n t d e x t r o s e s o l u t i o n s h o u l d be g i v e n over a p e r i o d o f two t o 
f o u r hours on t h r e e o c c a s i o n s . 
I t has been observed t h a t p a t i e n t s who have had severe t o x i c 
r e a c t i o n i n t h e course of the a d m i n i s t r a t i o n o f s u l f a n i i e : i d e may, 
i f t h e drugs a r e g i v e n f o r a second t i m e , develop an even more 
s e v e r e r e a c t i o n . 
The s a l i n e L a x a t i v e s , w h i c h caused the develop.aent of s u l f a e -
moglobinerrla has been a t t r i b u t e d by some o b s e r v e r s t o c o n c u r r e n t 
magnesium s u l f a t e t h e r a p y . 
S u l f a p ; r i d i n e i s e s s e n t i a l l A / more t o x i c t h a n s u l f a n i l a m i d e . 
S. Mode o f A c t i o n 
Though much hao been w r i t t e n about s u l f a n i l a m i d e and i t s 
d e r i v a t i v e s s i n c e i t was f i r s t i n t r o d u c e d t o t h i s c o u n t r y a few 
y e a r s ago, v e r y l i t t l e i n f o r m a t i o n e x i s t s as t o t h e e x a c t means 
by which s u l f a n i l a m i d e combats i n f e c t i o u s b a c t e r i a . I n d i s c u s s i n g 
t h i s t o p i c t h e r e f o r e , i t i s i m p o s s i b l e t o draw any d e f i n i t e c o n c l u -
s i o n s . 
A l l o f t h e i n v e s t i g a t o r s seem o f t h e o p i n i o n t h a t s u l f a n i l a m i d e 
i s , i n i t s e l f , not a bac L e r i a c i d e , and t h a t w h i l e t h e h..armful organ-
isms may be k i l l e d a f t e r t h e a d m i n i o t r a t i o n o f t h e s u l f a n i l a m i d e s , 
t h e d e o t r n c t i o n i s brought about a s a. r e s u l t o f some o t h e r a c t i o n 
o f t h e drug. 
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F o r mec.ns o f coinp£,rison, the f o l l o w i n g t h e o r i e s a r e p r e s e n t e d , 
"(1) Three F r e n c h v/or'-ers ( L e v a d i t l , Vaisnian, and F r a o n o f f ) 
c l a i m t h a t t h e s u l f a n i l a m i d e s i n t e r f e r e "n/th c a p s u l a r forma.tion o f 
t h e s t r e p t o c o c c i and o t h e r organisms, t h u s r e n d e r i n g them more s u s -
c e p t i b l e t o p h a g o c y t o s i s . 
( 2 ) Long and B l i s s b e l i e v e t h a t the s u l f a n i l a m i d e s a c t es b a c t -
e r i o s t a t i c a g e n t s , d e l a y i n g t i e grov'th o f t h e i n f e c t i o u s orgahisms 
u n t i l , t h e body i s capable o f overcoming them. They a l s o b e l i e v e 
t h a t s u l f a n i l a m i d e may b r i n g about an i n c r e a s e i n t h e number of 
phage cn t e s . 
( 3 ) Osgood s t a t e s "the major a c t i o n o f t h e s u l f a n i l a m i d e s i s 
t o r e n d e r i n e r t or d e s t r o y t h e ' b a c t e r i a l t o x i n s and t o cause a 
d e c r e a s e i n t h e r a t e o f d i v i s i o n e n a b l i n g t h e b a c t e r i a c i d a l a c t i o n 
o f the human oerum and t h e p h a g o c y t i c a c t i o n of t h e c e l l s o f the 
maiTow and blood t o overcome the i n f e c t i o n . " 
( 4 ) M e l l o n , and t h i s i s t h e mc-^t r e c e n t , c l a i m s t h a t mo-t of the 
b a c t e r i a such as h e . r o l y t i c s t r e p t o c o c c i , pneumococci, g o n n o c c i , 
meningococci, and b a c i l l u - c o l i , produce minute q u a n t i t i e s o f 
hydrogen p e r o x i d e (HqOa) which soon b r e a k s down i n t o oxq/gen and 
w a t e r . S i n c e the c o n c e n t r a t i o n o f t h e hydrogen p e r o x i d e i s v e r y 
s m a l l , t h e r e i s no e f f e c t on t h e b a c t e r i a . MeLlon b e l i e v e s t h a t the 
s u l f a n i l a m i d e s p r e v e n t t h e breakdown of t h e p e r o x i d e w i t h the r e s u l t 
t h a t the conoenti-ation o f the p e r o x i d e becomes ve.ry l a r g e , and t h e 
bactex i s . e v e n t u a l l y d i e i n t h e i r own p r o d u c t . 
( 5 ) The e d i t o r s o f t h e N . F . K . s t a t e the proDlem as f o l l o w s : 
"The mode o f a c t i o n o f s u l f a n i l a m i d e on s u s c e p t i b l e b a c t e r i a i s 
s t i l l u n c e r t a i n . There i s e v i d e n c e t h a t one a c t i o n ( a n d t h i s i s 
p o s s i b l y t h e o n l y one o f importance) i s t o r e n d e r t h e blood, s p i n a l 
f l u i d , u r i n e and o t h e r t i s s u e f l u i d s u n f a v o r a b l e as mediums f o r 
s u p p o r t i n g t h e a c t i v e m u l t i p l i c a t i o n o f s u s c e p t i b l e b a c t e r i a . I n 
consequence, t i s s u e i n v a s i o n by t h e s e organisms may be x/reventad, 
p r o d u c t i o n o f t o x i c s u b s t a a c e s r e d u c e d , and the a n t i b a c t e r i a l 
raech-anisms o f the hoot p e r m i t t e d t o complete r e c o v e r y from t h e i n f e c t i o n . 
10. Uses of S u l f a n i l a m i d e and D e r i v a t i v e s 
10a. Comparative C l i n i c a l V a l u e o f S u l f a n i l a m i d e and D e r i v a t i v e s 
E s t i m a t e s o f ' t h e coimparative c l i n i c a l v a l u e of s u l f a n i l a m i d e , 
n e o p r o n t o s i l , s u l f a n p y r i d i n e or t h e s u l f a t l i i a z o l e s when ad-
•••linistered o r a l l y ^ _ i n t h e ^treatment o f i n f e c t i o n s . 
DISEASE S u l f a - . Neopron- .Sulfa- S u l f a -
n i l a m i d e t o o i l p y r i d i n e t h i a z o l e 
H e m o l y t i c 
S t r e p t o c o c c a l I n f e c t i o n s 
T o n s i l l i t i s 4 4 2 
P h a r y n g i t i s 4 4 o 
P e r i t o n s i l l a r k b s c e s s 3 
Ludwig's Angina 4 o 
xAcute S i n u s i t i s 4 
O t i t i s Media 4 I 9 
M a s t o i d i t i s 4 1 2 
- 2 1 -
u i s a a s e S u l f a -
n i l a m i d e t o s i l 
M e n i n g i t i s 
E r y s i p e l a s 
S c a r l e t F e v e r 
A d e n i t i s 
C e l l u l i t i s 
Pneumonia 
Empy ema 
P e r i t o n i t i s 
P u e r p e r a l S e p s i s 
S e p t i c e Mia 
J s t e o : j : y e l i t i s 
U l c e r s 
I m p e t i g o 
M i s c e l l a n e o u s 
V i r i d a n s 
S t r e p t o c o c c a l I n f e c t i o n s 
A.DSC9S3 
O s t e o m y e l i t i s 
Tooth Soc^-ets 
E n d o c a r d i t i s 
M e n i n g i t i s 
S e p t i c e m i a 
Non-Kemolytic 





















S u l f a -
p y r i d i n e 
S u l f a -


















A n a e r o b i c 
S t r e p t o c o c c a l I n f e c t i o n s x 
Pneumococcal 
I n f e c t i o n s 
Pneumonia 1 
M e n i n g i t i s 1 
P e r i t o n i t i s 1 
O t i t i s Media 2 
M a s t o i d i t i s 
S i n u s i t i s 2 
Me nipgo c o c c a l 
I n f e c t i o n s 4 
B r u c e l l a I n f e c t i o n s 2 
Gonococcal I n f e c t i o n s 4 
Male Gonorrhea 4 
Female Gonorrhea 4 
V u l v o - v a g i n i t i s i 
A r t h r i t i s 4 
























S u l f a -
S t a p h y l o c o c c a l n i l a m i d e 
I n f e c t i o n s 
S e p s i s 
Pneumonia 
Carbuncle 
M e n i n g i t i s 
E n d o c a r d i t i s 
O s t e o D L ^ e l i t i s 
S. C o l i T i s s u e I n f e c t . 
C h a n c r o i d 
Typhoid F e v e r 
P a r a t y p h o i d F e v e r 
Gas Gangrene 
T u l a r e m i a 
T u b e r c u l o s i s 
I n f l u e n z a l M e n i n g i t i s 
F r i e d l a n d e r ' s I n f e c t i o n s 
U r i n a r y T r a c t I n f e c t i o n s 
E. C o l i 
A. aerogenas 
B. pyocyaneus 
P r o t e u s 
E n t e r o c o c c a l 
S t a p h y l o c o c c a l 
Group - Hem. S t r e p t . 
Actinon^j^Gosis 
Trachoma 
U l c e r a t i v e C o l i t i s 
M a l a r i a 
Rocky Mountain 
SxAotted F e v e r 
Lupus E r y t h e i m t o s u s 
Peiophigus 




I n f l u e n z a 
P o l i t o n r / e l i t i s 
Smallpox 
Rheumatic F e v e r 
Haoprou- S u l f a - S u l f a -




































































ICEY 4 - T h i s i s the p r e f e r r e d drug 
2 - The drug i s a c t i v e 
1 - The drug i s s l i g h t l y a c t i v e 
X - The drug s h o u l d not be used 
'There no key symbol i s u s e d , t h e r e a r e i n s u f f i c i e n t d a t a f o r 
e v a l u a t i o n . 
From Modern Medicine, May, 1940, p. 39. 
B i b l i o g r a p h y : 
1 . L a n c e t 2:281, J u l y 30, 1938 
2. L a n c e t 2:14, J u l y 2, 1938 
3. Am. J . Med. S c . 196: 509, Oct. 1938 
4. L a n c e t 1:1391, J u n e 18, 1938 
.5. J.A.C.S. 61:2032, Aug, 1939 
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6, New and N o n o f f l c i a l Remedies, 1940 
7, The C l i n i c a l and E x p e r i m e n t a l Use o f S u l f a n i l a m i d e , S u l f a -
p y r i d i n e and A l l i e d Compounds - Long, ^ e r r i n H. and B l i s s , 
E l e a n o r A. - Macmillan. 
8 . T o x i c i t y o f S u l f a n i lardLde and S u l f a n v r i d i n e - Brown, U, H u r s t 
e t a l . J.A.M.A. V o l . 114, "^o. 17, 19^0. 
9. The C l i n i c a l Use o f S u l f a p y r i d i n e - Merck A Company, Rahway,N.j. 
10. S u l f a t h i a z o l e - e r c k & Company, Rah\way,N.J. 
1 1 . S t r u c t u r e and C h e m o t h e r a p e u t i c " c t i v i t i e s o f S u l f a n i l a m i d e 
D e r i v a t i v e s - E, H. '^orthev. 
12. n e o p r o n t o s i l - "-inthrop Cheraical Company, I n c . 
P l u s t h e r e f e r e n c e s o b t a i n e d from the J.A.M.A. and the J.A.C.S. 
10b. E x c e r n t s 
( 1 ) B a c t e r i o s t a t i c and A n t i t o x i c a c t i o n s o f S u l f a n i l a m i d e 
J.A.M.A. V o l . 113, p. 1704-9 (1939) 
I t h a s been known t h a t t h e blood and serum o f human b e i n g s and 
l a b o r a t o r y a n i m a l s posoessed i n c r e a s e d b a c t e r i o s t a t i c and b a c t e r i -
c i d a l power a f t e r t h e a d m i n i s t r a t i o n o f s u l f a n i l a m i d e and the 
p r o n t o s i l o . The a x p / r i a e n t e r s r e g a r d e d i t as probable t h a t t h i s 
f a c t o r might be i m p o r t a n t i n human i n f e c t i o n s but e x p r e s s e d s u r p r i s e 
t h a t the v e r y low b a c t e r i c i d a l poa/er o f the blood of mice s l i o u l d be 
a s s o c i a t e d w i t h such marked c u r a t i v e e f f e c t . A f u r t h e r f a c t o r o f 
imi;ortance h a s been ermAhasized by Locka/ood, who f i n d s t h a t peptones 
i n t e r f e r e w i t h t h e a n t i b a c t e r i a l " power o f s u l f a n i l a m i d e i n v i t r o . 
Thus the com p o s i t i o n o f the c u l t u r e medium must be t a k e n i n t o account. 
S u l f a n i l a m i d e does not n e u t r a l i z e t o x i n , '"e do know t h a t s u l f a n i l -
amide e x e r t s a b a c t e r i o s t a t i c e f f e c t on t h e t h r e e s t r a i n s ox' b e t a 
h e m o l y t i c s t r e p t o c o c c i s t u d i e d ; t h a t the e f f e c t v a r i e s d i r e c t l y 
w i t h t he c o n c e n t r a t i o n of t h e drug and i n v e r s e l y w i t h t he number o f 
b a c t e r i a p r e s e n t ; t h a t a d e c r e a s e ' i n h e m o l y s i s i s observed when 
b a c t e r i o s t a s i s i s observed; t h a t t h e e x t e n t o f t h e d e c r e a s e o f 
hemolAAsis does not suggest e i t h e r t o x i n n e u t r a l i z a t i o n or "preven-
t i o n o f f o r m a t i o n " o f t o x i n beyond what might reasonable/ be expected 
as a r e s u l t o f the observed b a c t e r i o s t a s i s , and t h a t t he drug 
i n h i b i t s the development o f d i f f u s e p e r i p h e r i e s around c o l o n i e s 
of b e t a s t r e p t o c o c c i . r?"'inally, i t h a s been found t h a t a l l s t r a i n s ^ 
o f b e t a s t r e p t o c o c c i s t u d i e d were i n h i b i t e d . R e d u c t i o n i n hemol:/3is 
w i t h t he observed b a c t e r i o s t a s i s l e a d s t o t h e c o n c l u s i o n t h a t the 
a n t i h e m o l y t i c e f f e c t i s secondary to b a c t e r i o s t a s i s . The drug causes 
t h e development o f abnor:mal, long c h a i n s o f s t r e p t o c o c c i . 
( 2 ) Treatment o f Pneumococcic M e n i n g i t i s 
J.A.M.A. V o l . 113, p. 1614-19 (1939) 
B e g i n n i n g w i t h the use o f s u l f a p y r i d i n e upon mice i n f e c t e d 
w i t h pneumococcic i n f e c t i o n s , many c l i n i c a l r e j o r t s now shox/gthat 
t h e drug i s o f d e f i n i t e v a l u e i n the t r e a t m e n t o f pneumonia i n man. 
The sodium s a l t o f I f a p y r i d i n e a l s o i s used; the s a l t , u n l i k e 
s u l f a n y r i d i n e i t s e l f , i s ' f r e e l y s o l u b l e . I t i s most c o n v e n i e n t l y 
used i n d i s t i l l e d w a t e r i n 25% s o l u t i o n , w h i c h i s a p p r o x i n a t e l y 
i s o t o n i c . I t s h o u l d be emnhasized t h a t such a s o l u t i o n i s e x t r e m e l y 
a l k a l i n e (nH almo s t 11) and cannot be g i v e n i n t r a t h e c a l l y or sub-
c u t a n e o u s l y b u t o n l y i n t r a v e n o u s l y . D u r i n g t h e course o f t r e a t m e n t 
v / i t h t he l a r g e doses o f s u l f a p y r i d i n e and i t s sodium s a l t vrhich 
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v/ere ernployed, a nunibar o f t o x i c e f f e c t s o f the drug were noted; 
among t h e s e were nausea, v o m i t i n g , c y a n o s i s , l e u k o p e n i a and granu-
l o c y t o p e n i a . By way o f a summary, " c u l f a p y r i d I n e g i v e n by mouth i s 
absorbed i r r e g u l a r l y and only i n l i m i t e d axiounts. I t i s r e c o rmended 
t h a t the use of the drug be supplemented hy the i n t r a v e n o u s a d m i n i s t r a -
t i o n o f sodium s u l f a ; y r i d i n e a t r e g u l a r i n t / r v a l s . The c o n c e n t r a t i o n 
o f f r e e s u l f a p y r i d i n e i n t h e s p i n a l f l u i d s h o u l d be na.intained a t 
a l e v e l o f from 10 t o 15 ng. p e r hundred c u b i c c e - t i m e t e r s . Cer-
t a i n t o x i c .yniptoms caused by s u l f a p y r i d i n e have been ene..r/ntered. 
These i n c l u d e g r a n u l o c y t o p e n i a and h e m a t u r i a , n e i t h e r o f w h i c h was 
f a t a l i n any o f the c a s e s . Hematuria o c c u r r i n g d u r i n g t r e a t m e n t 
w i t h s u l f a T,:y r i d i n e h a s been shown to be due to the f o r m a t i o n o f 
s m a l l c a l c u l i made up c h i e f l y o f the acet;, 1 d e r i v a t i v e o f s u l f a -
p y r i d i n e . Theoe c a l c u l i a p p a r e n t l y produce h e m a t u r i a by in-^ury 
t o the p e l v e s , u r e t e r s and b l a d d e r . I t appears t h a t t h e p r o g n o s i s 
i n pneumococcic m e n i n g i t i s may be g r e e . t l y irqeroved by t h e use o f 
s u l f a p y r i d i n e and i t s sodium s a l t , " 
( 3 ) Treatment of the eye 
J.A.II.A. V o l . 112, p. 2025 (1938) 
A p e c u l i a r experiment v/as c a r r i e d out by B e l l o w s and Ghinn i n 
w h i c h they determined t h e percentage o f s u l f a n i l a m i d e i n the eye 
f o l l o w i n g o r a l a d i r d n i s t r a t i o n . " C u l f a n i l a m i d e can be d e t e c t e d i n 
a l l o c u l : r t i s s u e s and f l u i d s w i t h i n 15 minutes a f t e r i t s o r a l ad-
m i n i s t r a t i o n . The c o n c e n t r a t i o n o f s u l f a n i l a m i d e i n the eye has 
been determined one, two',- t h r e e , f o u r , s i x , t w e n t - f o u r , and f o r t y -
e i g h t h o u r s a f t e r a s i n g l e massive dose by raouth. The maximum i s 
r e a c h e d a.round the s i x t h hour. Heat, a t r o p i n e , and whysostigmine 
a p p l i e d l o c a l l ; / have no e f f e c t on t h e s u l f a n i l a r i d d e c o n c e n t r a t i o n 
o f the aqueous humor. L l e c h o l y l , s i m i l a r l y a p p l i e d , i n c r e a s e s t h i s 
v a l u e . The second aqueous c o n t a i n s somewhat more s u l f a n i l a m i d e t h a n 
does the o r i g i n a l aqueous. S u l f a n i l a m i d e h a s been a n a l y z e d i n t e a r s . 
( 4 ) Use and Abuse o f Sulfonamide D e r i v a t i v e s 
J.A.M.A. V o l . 114, p. 1298 (3-940) 
" T i i t b y s t a t e s t h a t b e t a h e m o l y t i c s t r e p t o c o c c i , pneumococci. 
B a c i l l u s c o l i , meningococci a.nd gonococci a r e the organisms t h a t 
used t o be c o n s i d e r e d i n i r e l s t i o n t o t r e a t m e n t w i t h s u l f ona: dde 
d e r i v a t i v e s . I t i s e s s e n t i a l t o m a i n t a i n an e f f e c t i v e c o n c e n t r a t i o n 
of the drug i n the blood. Becauoe t h e drugs a r e q u i c k l y e x c r e t e d , 
n i g h t doses must not be o m i t t e d ; othari«/ise th e blood c o n c e n t r a t i o n 
f a l l s below t h e e f f e c t i v e l e v e l . I f tl'ie d rugs a r e g o i n g t o be 
e f f e c t i v e the; q u i c k l y she/ some ev i d e n c e o f t h i s . T h e r e f o r e i f no 
c l i n i c a l e f f e c t i s observed i n from f i v e to seven days t h e r e i s no 
j u s t i f i c a t i o n f o r p r o l o n g i n g an adequa.te course of a p a r t i c u l a r 
s ulfonamide d e r i v a t i v e beyond t h i s p e r i o d . B u t i f a c l i n i c a l e:bfect 
h a s been observed i t s a d r l n i s t r a t i o - a s l i o u l d be c o n t i n u e d f o r from 
t e n t o f o u r t e e n days. I f not c o m p l e t e l y e f f e c t i i / e a t the end of 
t h i s t i m e , a r e s t p e r i o d o f two days s h o u l d be g i v e n and a f r e s h 
c ourse t h e n i n s t i t u t e d . Uhen used a t a l l t h e crugo should be r i v e n 
i n f u l l doses: oVoevrise no d e d u c t i o n s can be made as to e f f e c t i v e -
n e s s . B a t h e r t h a n a d m i n i s t e r s m a l l doses on chance, i t i s p r e f e r a b l e 
t o w i t h h o l d the drug u n t i l t h e r e i s some j u s t i f i c a t i o n f o r g i v i n g 
f u l l c l i n i c a l l y e f f e c t i v e doses. 
( 5 ) Treatment o f A b s c e s s e s 
J.A.II.A. V o l . 115, p. 322 (1940) 
F.R.Adams r e p o r t e d t h a t good r e s u l t s were o b t a i n e d by t h e d i r e c t 
i n j e c t i o n o f a h o t s u l f a r i i l a s i l d e s o l u t i o n i n t o a b s c e s s e s . There i s , 
hov/ever, i n f o r m a t i o n a v a i l a b l e w h i c h shows t h a t t h e l o c a l a p p l i -
c a t i o n o f c r y s t a l ^ - l i n e s u l f a n i l a vide t o i n f e c t e d wounds and open 
a b s c e s s e s i s a r a t i o n a l t h e r a p e u t i c procedure. Good r e s u l t s have 
been o b t a i n e d by t h e r e p e a t e d l o c a l a p p l i c a t i o n o f s u l f a n i l a m i d e 
powder w i t h o u t c o n c u r r e n t o r a l a d m i n i s t r a t i o n o f t h e drug i n i n f e c t e d 
wounds, s u p e r f i c i a l u l c e r s and d r a i n i n g a b s c e s s e s and s i n u s e s , 
( 6 ) Treat-uent o f R e r i t o n i t i s o f a n p e n d i c a l o r i g i n 
J.A.-M.A. V o l . 115, p. 162 (1940) 
R a v d i n and h i s a s s o c i a t e s showed t h a t the m o r t a l i t y r a t e i s 
de c r e a s e d upon the use o f s u l f a n i l a tide f o r p e r i t o n i t i s o f a p p e n d i c a l 
o i ' i g i n . Although t he r e d u c t i o n i n m o r t a l i t y does not appear t o be 
g r e a t , t h e a u t h o r s a r e co n v i n c e d t h a t a number o f 1-u/es o f d e s p e r a t e l y 
s i c k p a t i e n t s have b uen saved by the a d m i n i s t r a t i o n o f s u l f a n i .Lamide, 
Drainage i s n e c e s s a r y i n many i n s t a n c e s . "̂ n n e a r l y e v e r y i n s t a n c e 
t h e s u l f a n i l a m i d e h a s been g i v e n by h y p o d e r m o c l y s i s . The c r y s t a l l i n e 
s u l f a n i l a p / i i d e was used. I t was used p r e o p e r a t i v e l y i n c a s e s o f 
ap p e n d i o a l a b s c e s s so as to minimize spread o f t h e i n f e c t i o n i f 
t r a n s p e r i t o n e a l d r a i n a g e became n e c e s s a r y . No a c c e s s o r y method o f 
tr e a t m e n t can t a k e t he p l a c e o f e a r l y o p e r a t i o n and s k i l l f u l s u r g e r y . 
A t a time o f l a t e o p e r a t i o n , i t i s i n such c a s e s o f d e s p e r a t e i l l -
neso t h a t a c c e s s o r y t h e r a p e u t i c a.gant3 can h e l p reduce t he m o r t a l i t y . 
( 7 ) "^se i n s u r g i c a l I n f e c t i o n s - I t s n o s s i b i l i t i e s and l i m i t a t i o n s 
J.A.M.A. V o l . 115, p. 1190 (1940) 
Only f o u r y e a r s h a s elap3ed(1936-40) s i n c e t he p u b l i c a t i o n by 
Golebrook and Kenny o f t h e f i r s t s t a t i s c a l l y s i g n i f i c a n t e v a l u a t i o n 
o f sulfonamide t h e r a p y i n a s i n g l e d i s e a s e . ' S i n c e t h e p u b l i c a t i o n 
o f Golebrook and ̂ 'enny, the a p p l i c a t i o n o f sulfonamide t h e r a p y h a s 
been w i d e l y extended and now i n c l u d e s a l m o s t t h e -"hole f i e l d o f s u r -
g i c a l i n f e c t i o n s . 
An old equate e x p l a n a t i o n o f t h e mode o f a c t i o n o f t h e s u l f o a a l i d e s 
i n b i o c h e m i c a l terms has not y e t been s u p - l i e d . I t i s r e a s o n a b l e 
t o assume, however, on the b a s i s o f a c o n s i d e r a b l e amount o f la.bor-
a t o r y e v i d e n c e , t h a t t h e s e drugs a c t i n i n f e c t i o u s l e s i o n s hy pro-
ducing/ an environment i n the body t i s s u e s and f l u i d s wrliich i s 
u n f a v o r a b l e f o r b a c t e r i a l m i v l t i p o i c a t i o n . As the c a p a c i t y o f the 
b a c t e r i a t o m u l t i p l y i s d e p r e s s e d , t h e i r i n - a s i v e n e s s i s d i m i n i s h e d 
and t h e i r v i t a l i t y reduced' to., a l p o i n t . a t w h i c h the n a t u r a l d e f e n s e s 
01 t h e body can d i s p o s e o f the s u r v i v i n g organisms. However, t h e r e 
a r e f a c t o r s w h i c h modify t h i s s o - c a l l e d b a c t e r i o s t a t i c e f f e c t o f 
the drug. Among the most i m p o r t a n t o f t h e s e a r e : l . The r a t i o between 
th e number o f b a c t e r i a ccnd the c o n c e n t r a t i o n o f t h e drug i n the 
i n f e c t e d zone. 2. The a c t i v i t y o f t h e a n t i b n c t a r i a l defense i n 
th e a r e a o f i n f e c t i o n . 3. The" amount o f p r o t e o l y s i s o f t i s s u e 
accompanying t h e in f l a m m a t o r y p r o c e s s ; i t s c o n t e n t o f o u l s t a n c e s 
l i k e l y to a n t a g o n i s e sulfonamide b a c t e r i o s t a s i s . 
The p r o p h y l a t i c u se o f the sulfonamide compounds i n p r e v e n t i o n 
o f wound i n f e c t i o n i s a supplementary means o f h o l d i a g down the 
m u l t i p l i c a t i o n o f b a c t e r i a w h i c h g a i n a c c e s s t o a n o p e r a t i v e ground 
or cannot be removed by debridement from a tv^aumatic wound. P r o -
p h y l a t i c s u l f a n i l a m i d e i o novr b e i n g used a l s o i n i n d u s t r i a l p r a c t i c e 
i n " an e f f o r t t o reduce t he amount and d u r a t i o n o f d i s a b i l i t y from 
i n f e c t i o n f o l l o w i n g i n j u r i e s i n shops and f a c t o r i e s . There ma:' be 
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sorne dangers i n t h i s t r e a t m e n t . B e s i d e s soma t o x i c e f f e c t s , t h e r e 
i s t he added danger t h a t the drug w i l l produce motor i n c o o r d i n a t i o n 
and o t h e r e f f e c t s i n the c e n t r a l nervous system. No p e r s o n s h o u l d 
he a l l o w e d to o/erato a machine of any s o r t w h i l e t a k i n g s u l f a n i l -
amide. T h e r e f o r e i t would seem a d v i s a h l e t o r / s t r i c t t he p r o p h y l a t i c 
use of s i i l f a n i l a m i d e t o p a t i e n t s whose i n j u r i e s a r e s u f f i c i e n t l y 
d i s a b l i n g t o demand t h e i r complete i n a c t i v i t y . C l i n i c a l s t u d i e s 
now i n p r o g r e s s may j u s t i f y the use o f c r y s t a l l i n e drug i m p l a n t e d 
l o c a l l y i n t h e p r e v e n t i o n o f i n f e c t i o n i n o t h e r t y p e s o f s u r g i c a l 
wounds, i n c l u d i n p l a r g e h e r n i a s , lobecto-cies and pneumonectomies, 
and contaminated i n t e s t i n a l r e s e c t i o n s . But f o r the p r e s e n t i t 
appears t h a t f o c a l i m p l a n t a t i o n o f t h e d r u r should be used o n l y t o 
supplement o r a l a d m i n i s t r a t i o n and not i n p l a c e o f i t . 
However, i n e v a l u a t i n g chemotherapeutic e f f e c t s i n a n i m a l 
i n f e c t i o n s and i n man i t i s a d v i s a b l e to keep i n mind t h a t from a 
p r a c t i c a l standpioint Lhe p a t h o l o g i c c h a r a c t e r i s t i c s o f the l e s i o n 
under t r e a t m e n t a r e a l s o o f g r e a t inqvortance. D i f f u s e i n f e c t i o n s 
c h a r a c t e r i z e d bp t h e r a p i d m u l t i p l i c a t i o n s and d i s s e m i n a t i o n o f 
i n v a s i v e b a c t e r i a i n t i s s u e s o f r e l a t i v e l y normal a r c h i t e c t u r e or 
i n f l u i d s c i o ^ e l y r e s e m b l i n g normal serum or lymph a r e l i k e l y t o 
respond f a v o r a b l y to chemotherapy. T h i s group i n c l u d e s , s p e c i f i c a l l ; / - , 
t h e e a r l y s t a g e s o f c e l l u l i t i s , ' I p - m p h a n g i t i s ,* e r y s i p e l a s and l o b a r 
rineumonia ancL probabl;/ a l s o a c u t e p y e l o n e p h r i t i s and i n f e c t i o n s o f 
the c e r e b r o s p i n a l f l u i d , " h e t h e r the c a u s a t i v e organism i s a hemo-
l y t i c s t r e p t o c o c c u s , a s t a p h y l o c o c c u s or a pnau'nococcus imkes some 
d i f f e r e n c e i n the c h o i c e o f a drug, p e r h a p s , but t h e s e l e s i o n s a r e 
g e n e r a l l y s u s c e p t i b l e r e g a r d l e s s o f the b a c t e r i a l s p e c i e s . G u l -
f a p v r i d i n e , w h i c h i s a p p a r e n t l y a mere p o l y v a l e n t drug t h a n s u l -
f a n i l a m i d e , w i l l be e f f e c t i v e i n the g r e a t m a j o r i t y o f i n f e c t i o n s 
o f t h i s T/athologic t;/pe, and the b a c t e r o l o g i c aopects a r e o f s e c -
ondary inK:)ortance. 
I n f e c t i o n s o f aerous and s y n o v i a l membranes such as p e r i -
t o n i t i s , p l e u r i t i s and s u p p u r a t i v e a r t h r i t i s ( a t l e a s t i n t h e i r 
e a r l y o t ages) c o n o t i t u t e a n o t h e r broad group o f l e s i o n s vdiich a r e 
g e n e r a l l y s u s c e p t i b l e t o s u l f ona dde therapAy, I n f e c t i o n s of s e r o u s 
and s y n o v i a l c a v i t l / s have c e r t a i n d e f i n i t e p a t h o l o g i c f e a t u r e s i n 
common, t h e most i n r ^ o r t a n t p r o b a b l y b e i n g t h e e a r l y m o b i l i z a t i o n o f 
an abundant p r o t e c t i v e mononuclear c e l l r e a c t i o n , mhich Gay has 
shown i s a h i g h l ; / e f f e c t i v e mechanism i n b i l l i n g b a c t e r i a . T h i s 
c e l l u l a r response i s g i v e n added time t o become m o b i l i z e d when a 
substance l i k e s u l f a n i l a m i d e i s p r e s e n t to h o l d down the n i c l t i -
p l i c a t i o n and t o x i n p r o d u c t i o n o f the i n f e c t i n g organisms. 
There a r e , on t h e o t h e r hand, c e r t a i n d e f i n i t e t y p e s o f l e s i o n s 
which a r e q u i t e r e s i s t a n t to c h e m c a l t r e a t m e n t . The most con-
s p i c u o u s i n t h i s group a r e the l o c a l i z e d a b s c e s s e s o f s o f t t i s s u e or 
bone. E a c t e r i o l o g i c s p e c i f i c i t ; / a g a i n has o n l y a l i m i t e d s i g n i f i -
cance i n the chemothersgy of l o c a l i z e d n e c r o t i c l e s i o n ^ i n s o f t 
t i s s u e , bone, p l e u r a or peritoneum. They a l l t e n d t o be r e s i o t a n t , 
r e g a r d l e s s of t h e t;/pe o f organism p r e s e n t . T/ae of the appro-
p r i a t e drug may have some e f f e c t i n p r e v e n t i n g spread o f the i n -
f e c t i o n to a d j a c e n t t i s s u e s and may a c t u a l l y .-.-ask the c l i n i c a l s i g n s 
and symtoras of the a b s c e s s . Prolonged t r e a t m e n t f o r a month or 
two may sometimes a l l o w s t e r i l i z a t i o n o f the a b s c e s s , b u t as a 
gene ' a l r u l e such a course w i l l be u n p r a c t i c a l and i n a d v i s a b l e . 
Premature w i t h d r a w a l of t h e drug i s l i k e l y t o be f o l l o w e d l:y 
r e a c t i v a t i o n o f t h e i n f e c t i o n . ''Suprurative t h r o m b o p h l e b i t i s i s 
another type of p a t h o l o g i c l e s i o n w h i c h i s c o m p a r a t i v e l y r e s i s t a n t 
t o ehe.ntherapy. 
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The l i m i t a t i o n s o f s r l f o n a iiide therap; i n terras o f p a t h o l o g / 
a r e w e l l i l l u s t r a t e d i n the s t a p h y l o c o c c i c i n f e c t i o n s . One may as 
r e a d i l y account f o r the r e l a t i v e r e s i s t a n c e o f s t a p h y l o c o c c i c i n f e c t -
i o n s on the b a s i s o f t h e i r p a t h o l o g i c c h a r a c t e r i s t i c s as on the b a s i s 
o f t he co i i i p a r a t i v e r e s i s t a n c e t o sulfonamide b a c t e r i o s t a s i s w h i c h 
t h e s t a p h y l o c o c c u s p o s s e s s e s . The conspicuous f e a t u r e s o f st a p h y -
l o c o c c i c i n f e c t i o n s a r e t i s s u e n e c r o s i s ' , s u p p u r a t i v e p h e b i t i s and 
th e e a r l y tendency t o form s u p p u r a t i v e m e t a s t a t i c l e s i o n s . 
I n sum.ary, i t might be s a i d t h a t a l e s i o n w h i c h i s c h a r a c t e r -
i z e d by m i n i o B l loSo o f t i s s u e a r c h i o e c t u r e , and an exudate w h i c h i s 
s e r o u s " , conqoosed c h i e f l y o f lymph, b a c t e r i a and inflammatorA- c e l l s , 
i s l i k e l y t o respond v e i g r a p i d l y t o sulfonamide therap;/. In the 
o t h e r hand, when t h e e x u d a t e ' i o t h i c v and p u r u l e n t , h a v i n g a h i g h 
c o n t e n t o f p r o d u c t s o f t i s s u e p r o t e o l y s i s and mam- dead b a c t e r i a 
and phagocytes, t h e respjonse t o cha,,lotherapy w i l l be r e l a t i v e l y 
s l i g h t excep-it a t t h e p e r i p h e r y , where b a c t e r i a a r e lodged i n t i s s u e s 
w h i c h have not y e t become broken down. G u l f a n i l a o i i d e w i l l a t t a c k 
t h e i n v a s i v e cooponent o f b a c t e r i a l i n f e c t i o n s , b u t the l o c a l i z e d 
a b s c e s s and the n e c r o t i c d i s t r i b u t i n g f o c u s a r e problems f o r s u r -
g i c a l d r a i n a g e or e x c i s i o n . I n t h e s e a r e a s t h e b a c t e r i a r e i c a i n 
p o t e n t i a l l y i n v a s i v e ; i f t h e i n h i b i t o r y e f f e c t o f t h e drug i s removed, 
and h o s t r e s i s t a n c e i s s t i l l i n a d e q u a t e , r e i n v a s i o n o c c u r s . 
( 8 ) Treatment o f Gas Gangrene 
J.A.M.A. V o l . 115, p. 1192 (1940) 
Experim/^ntal r e s u l t s w i t h s u l f a n i l a m i d e t r e a t m e n t o f C l o s -
t r i d i u m w e l c h i i i n f e c t i o n s i n s m a l l a n i m a l s have not been encouraging. 
F o r t he p r e s e n t i t would seem tha.t our c h i e f r e l i a n c e s h o u l d be on 
p r e v e n t i o n o f gas gangrene by debridement o f s u s c e p t i b l e wounds and 
a d m i n i s t r a t i o n s o f p r o p h y l a t i c a n t i t o x i n . I t i s p o s s i b l e t h a t s u l -
f a n i l a m i d e t r e a t m e n t might have some v a l u e i n l i m i t i n g t h e a c t i v i t y 
o f p y o g e n i c c o c c i , w h i c h a r e known f r e c u e n t l y t o p r e p a r e t he ground 
f o r gas gangrene. One would t h e r e f o r e be j u o t i f i e d i n u s i n g one o f 
th e sulfonamide T m e i n r a t i o n s i n c o n j u n c t i o n w i t h o t h e r measures, 
w h i l e r e c o g n i z i n g t h e f a c t t h a t t h e drug perhaps h a s l i t t l e e f f e c t 
on C l o s t r i d i u m i t s e l f . 
( 9 ) Treatment of Asthma 
J.A.M.A. V o l . 115, p. 4 1 1 (1 9 4 0 ) 
The a u t h o r s do not' suggest t h a t ^ u l f a n i l a m i d e and i t s d e r i v a -
t i v e s w i l l r e l i e v e a l l ca^es o f s t a t u s a s t h m a t i c u s or t h a t t h e y w i l l 
a c t u a l l y cure asthma. There la;/ be c a s e s o f s t a t u s a s t h m a t i c u s 
w h i c h r e s u l t from an overiwhelming c o n t a c t w i t h some e x t r i n s i c sub-
s t a n c e of a n t i g e n i c q u a l i t y i n which they do not know what e f f e c t 
s u l f a n i l a m i d e may have. "Tien t he i n d i c a t i o n s f o r the use o f these 
d r u g s , t he proper cosage and t h e d u r a t i o n o f t r e a t m e n t have been 
w e l l e s t a b l i s h e d , t h e outlook f o r the a s t h m a t i c p a t i e n t may be im-
proved c o i c o i d e r a b l y and the l a t e c o m p l i c a t i o n s o f -stkma - c h r o n i c 
b r o n c h i t i s , b r o n c h i e c t a s i s , enphyse:Tia, pulmonary, f i b r o s i s , c a r d i a c 
hypertroph;,' and myocardiac dannge - p r e v a n t e d . 
( 1 0 ) Treatment o f Chancroids 
J.A.M.A. V o l 115, p. 1750 (194 0 ) 
The a u t h o r s conclude t h a t t h e r e i s no advantage i n r r i v i n g 
s u l f a n i l a m i d e t o prc.tients w i t h s m a l l and u n c o i r o l i c a t e d c h a n c r o i d s . 
L o c a l t h e r a p y seems to be s u f f i c i e n t . I f prompt c o n t r o l i s not 
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o b t a i n e d , s u l f a n i l a m i d e i s t o be g i v e n . F o r l a r g e c h a n c r o i d s , 
s u l f a n i l a i T i i d e a s s o c i a t e d w i t h l o c a l therarq/ s h o u l d be u^ed. I n 
phagedenic c h a n c r o i d i t sh o u l d be t r i e d i n c o n j u n c t i o n with l o c a l 
t h e r a p y . C u l f a n i l a i d d e does not d e c r e a s e the f o r r a t i o n o f pus. I t 
i s most e f f i c a c i J U S f o r r u p t u r e d buboes. C u l f a n i l a m i d e should not 
by used i n a r o u t i n e manner but w i t h ^-nowledge o f i t s v a l u e and 
i n d i c a t i o n s . 
( 1 1 ) T r e a t n i e n t o f T e r t i a n M a l a r i a 
J . ^ o f 'I'harnncolo.g;/ and Exp. T h e r a p e u t i c s V o l . 6 3 , p. 353 (19 3 3 ) 
C h i l l s , w i t h c h a r a c t e r i s t i c i m l a r i a l blood c y c l e s c o n t i n u i n g 
i n p a t i e n t s on ""ron o s i l and P r o n t y l i n o v e r p e r i o d s o f 50, 70, 
73 , and 120 h o u r s and o v e r , i n d i c a t e d t h a t t h e s e new t h e r a p e u t i c 
a g e n t s have no e f f e c t on t e r t i a n m a l a r i a w i t h i n t h e s e i n t e r v a l s , nor 
does f u r t h e r a d m i n i s t r a t i o n t o t h e p o i n t o f p o s s i b l e e f f e c t on the 
p a r a s i t e appear a d v i s a b l e . C o n s i d e r i n g that'prompt response i s 
t h e p r i m a r y g o v e r n i n g f a c t o r i n the c h o i c e o f ' t h e r a p e u t i c a g e n t s , 
c u i n i n e supplemented by a t a b r i n e or plao.cochin i n i n d i c a t e d r e s i s -
t a n t c a s e s , r e m a i n s as a q u i c k l y a c t i n g and s a t i s f a c t o r y / drug i n 
m a l a r i a t r e a t m e n t . T^'rontosil and " " r o n t y l i n do not have a p l a c e i n 
t e : " t i a n - a l a r i a , a c c o r d i n g uo the experiments condxacted i n thes e 
Ccises, except as c o n j e c t u r e d a gents i n p e r s i s t e n t r e s i s t a n t forms 
of roa.laria. 
( 1 2 ) I n h i b i t i o u . of the b a c t e r i o s t a t i c a c t i o n o f the Culfonamidas 
by s u b s t a n c e s o f a n i m a l and b a c t e r i a l o r i g i n 
J . o f B i o l o g i c a l C hemistry V o l . 7 2 , p. 217. 
The w i d e s p r e a d d i s t r i b u t i o n of a s u b s t a n c e o r s u b s t a n c e s w h i c h 
anrool the b a c t e r i o s t a t i c a c t i o n o f the sul f o n a m i d e drug i s of i n v 
p o r t a n c e not o n l y i n r e l a t i o n t o the use of t h e s e chemoth-rapeutic 
agents i n t h e t r e a t m e n t o i i n f e c t i o n s b u t a l s o i n r e l a t i o n to t h e 
mode o f a c t i o n o f t h e drugs upon b a c t e r i a l c e l l s i n v i t r o . I n an 
iriq:ortant c o n t r i b u t i o n t o ' t h i s s u b j e c t '"cods has demonstrated t h a t 
p-aminobenzoic a c i d a n n u l s the b a c t e r i o s t a t i c e f f e c t o f s u l f a n i l -
amide i n v i t r o , and t h a t t h e i n h i b i t i o n i s not due to a m o l e c u l a r 
r e a c t i o n between p-aminobenzoic a c i d and s u l f a n i l a m i d e , ".'cods has 
p o s t u l a t e d t h a t p-aminobeiizoic a c i d i o e s s e n t i a l f o r t h e growth o f 
b a c t e r i a , and t h a t s u l f a n i l a m i d e causes b a c t e r i o s t a s i s by i n h i b i t i n g 
t h e enzyme r e a c t i o n i n v o l v e d i n the u t i l i z a t i o n o f p-a:linobenzoic 
a c i d . As a c o r o l l a r y t o t h i s theory/, "•cods h a s suggested t h a t 
d i f f e r e n c e s i n t h e s e n s i t i v i t y o f b a c t e r i a t o s u l f a . o i l a .iide may be 
due to q u a n t i t a t i v e d i f f e r e n c e s i n t h e i r a b i l i t y t o s y n t h e s i z e 
p-aminobenzoic a c i d . l e l b i e has shown t h a t p-a xiinobenzoic a c i d , _ 
a d m i n s t e r e d by mouth, i n h i b i t s the c u r a t i v e a c t i o n o f s u l f a n i l a m i d e 
i n e x p i a r i / i e n t a l i n f e c t i o n s o f mice w i t h group A h e m o l y t i c s t r e p t o c o c c i . 
C e r t a i n o f the p r o p e r t i e s o f t h e s u l f ona'-fide i n h i b i t o r s o c c u r r -
i n g i n e n z y m c t i c h y d r o l y s a t e s o f c a s e i n and i n c u l t u r e s u p e r n a t a n t s 
o f pneuoiococcus a r e s i r - i i l a r t o th o s e o f p-aminobenzoic a c i d . How-
e v e r , an im p o r t a n t d i f f e r e n c e e x i s t s i n t h e i r s o l u b i l i t i e s i n a c i d 
e t h e r , '"cods h a s p o i n t e d out t h a t n o v a c a i n e , w h i c h i s the hydro-
c h l o r i d e o f the -p-aminobensoic e s t e r o f '^'-diethyl-amino-ethyl 
a l c o h o l (H2NC6Hz-C00CH2CHo''(C2H5)o) i s a l s o a v e r y p o t e n t sulfonamide 
i n h i b i t o r . 
A c t i v e i n h i b i t o r s occur i n c e r t a i n n r m a l a n i m a l t i s s u e s , e t 
i s shovm t h a t i n r a b s i t l i v e r and Sidney t i s s u e and i n human u r i n e , 
most o f the i n h i b i t o r i s p r e s e n t i n a con j u g a t e d form so t h a t i t s 
a c t i v i t y becomes e v i d e n t o n l v a f t e r a c i d h y d r o l y s i s . The presence 
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o f an i n h i b i t o r i n many o f t h e t i s s u e s and f l u i d s o f the hoCy as 
w e l l as i n a s o o c i a t i o n w i t h t h e i n v a d i n g b a c t e r i a a f f o r d s a h ex-
p l a n a t i o n f o r the oc c u r r e n c e o f l o c a l i z e d l e s i o n s , r e s i s t a n t t o the 
a c t i o n o f t h e sulfonamide drixgs, w h i c h may develop d u r i n g t he course 
o f oherapy eves though n e c r o s i s or c e l l a u t o l y s i s i s not demonstrable. 
Sulfonamide i n h i b i t o r s have, been demonstrated i n e x t r a c t s o f 
f r e s h normal muscle, p a n c r e a s , a i d s p l e e n o f c e r t a i n a n i m a l s . "Jhen 
a u t o l y s i s o f t i s s u e s t a k e s p l a c e the'amount o f i n h i b i t o r i s g r e a t l y 
i n c r e a s e d . F r e s h l i v e r f r ,t_: b e e f , r a b b i t , and g u i n e a p i g i s ' f r e e 
o f a c t i v e i i e h i b i t o r , a l t h o u g h i n h i b i t o r i s demonstrable i n auto-
l y s a t e s o f the t i s s u e . F r e s h r a b b i t hidney i s l i ^ ^ w i s e f r e e o f 
a c t i v e i n h i b i t o r . F o l l o w i n g a c i d h y d r o l y s i s x x t r a c t s o f f r e s h 
r a b b i t l i v e r and '^ianey cause sulfonamide i n h i b i t i o n . Normal 
human u r i n e c o n t a i n s i i t / , l e or no a c t i v e i ' n h i b i t o r . However, upon 
a c i d h y d r o l y s i s , i n h i b i t o r i s u n i f o r m l y p r e s e n t . Sulfonamide i n h i b -
i t o r i s p r e s e n t i s some, but n o t a l l , ' s t e r i l e s e r o u s efm/cions 
o c u r r i n g d u r i n g c e r t a i n d i o e a s e s . ' I n h i b i t o r was found u n i f o r m l y 
i n pus. None was f.und i n blood serum. I n c e r t a i n s p e c i e s of 
b a c t e r i a t h e i n h i b i t o r i s found i n c e l l s onl;/ and i s not ce m o s t r a b l e 
i n the c u l t u r e medium, whereao i n ot h e r s p e c i e ^ , t he i n h i b i t o r i s 
found i n the c u l t u r e s u p e r n a t a n t , and t h e c e l l s t h e m s e l v e s a r e 
r e l a t i v e l y f r e e . 
( 1 3 ) R e l a t i o n s h i p o f s u l f a p y r i d i n e . N i c o t i n i c A c i d , and coenzymes 
to the growth o f S t a p h y l o c o c c u s Aureus 
J . o f E x . Rfed. V o l . 72, p. 96. 
I t i s e v i d e n t t h a t s u b s t a n c e s o t h e r t h a n coenzymes i n h i b i t the 
b a c t e r i o s t a t i c e f f e c t o f s u l f a p y r i d i n e . O b s e r v a t i o n s show t h a t 
coenzymes interfere..-; w i t h the b a c t e r i o s t a t i c a c t i o n o f s u l f a -
p y r i d i n e , whereas n i c o t i n i . c a c i d f a i l s to have t h i s e f f e c t . A 
po.c;Sible e x p l a n a t i o n i s t h a t s u l f a p y r i d i n e and n i c o t i n i c a c i d corm-
pete f o r the same p o s i t i o n i n the coenzyme molecule. G i v e n n i c o -
t i n i c a c i d , t he organism on the b a s a l medium i s presumably a b l e t o 
form coenzymes ( n i c o t i n i c a c i d amide adenine d i n u c l e o t i d e ) . How-
e v e r , g i v e n n i c o t i n i c a c i d and S ' M f a p y r i d i n e , t he organism may be 
unable t o form coenzymes or t h e a c t i v i t y o f c e r t a i n dehydrogenases 
(coenzymes co. b i i i e d w i t h p r o t e i n ) may be i n h i b i t e d , "'hen preformed 
coenzymes a r e p r e s e n t i n the medium, t h e n o r i i B l metabolism o f the 
organism i s not m o d i f i e d by s u I f a r y r i d i n e and t h e customary growth 
curve i s seen. As a l l c u l t u r e s were a e r o b i c , i t seems improbable 
t h a t coenzymes f u n c t i o n e d raerely a s r e d u c i n g a g e n t s . 
( 1 4 ) Treatment o f C o n j u n c t i v i o i s 
J.A.M.A. V o l . 115, p. 445 (1940) 
The v a r i o u s organisms t h a t have b/en accused a s p o s s i b l e 
c a u s a t i v e agents i n c l u d e t h e t u b e r c l e b a c i l l u s {hximan and b o v i n e ) , 
B a c t e r i u m t u l a r e n s e , S p i r o c h a e t a p a l l i d a , t h e g l a n d e r s b a c i l l u s , 
5poroth-"ix, S t r e p t o c o c c u s and L e p t o t h r i x . I n t ' l i s c a s e , we a r e 
i n t e r e s t e d i n t h a t o f the v i r u s o f v e n e r e a l lymphogranuloma. 
S y p h i l i d , t u l a r e m i a end t u b e r c u l o s i s as e t i o l o g i c f a c t o r s o f the 
o c u l a r diseSoSe were r u l e d out. L e p t o t h r i x '̂ms not seen a t b i o p s y . 
S u l f a n i l a m i d e , however, t e r m i n a t e d the a c t i v i t y o f the p r o c e s s 
o f t h e eye. I t s e f f i c a c y i n t h i s case p o i n t s t o t ^ e i n f e c t i o u s 
n a t u r e o f the l e s i o n . B'esides, s u l f a n i l a m i d e , a l t h o u g h to a l e s s e r 
degree t h a n sodium s u l f a n i l a t e , seeun t o be v a l u a b l e e s p e c i a l l y i n 
the l a t e r s t a g e s o f v e n e r e a l lymphogranuloma. I t i s i n t e r e s t i n g 
t o note t h a t by i n t r a d e r . / H l t e s t s on p a t i e n t s t h e v i r u s was demon-
s t r a t e d i n an e x t r a c t o f t h e t i s s u e b u t not i n washings f r o m t h e eye. 
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( 1 5 ) Cure o f a case o f a c u t e u l c e r a t i v e E n c o c a r d i t i s 
J.A.M.A. V o l . 115, p. 1712 (1940) 
T h i s i s a s i n g u l a r c s e but w i t h mch irnportance. The d i a f r n o s i s 
of a cute u l c e r a t i v e e n d o c a r d i t i s i s e s t a b l i s h e d bv the changing'" he a r t 
a u r r m r s , the p o s i t i v e b l o o d c u l t u r e s o f h e m o l y t i c " s t r e p t o c o c c i "and 
t h e p a t i e n t ' s s e p t i c c u r s e i n t h e absence o f o t h e r f o c i o f i n f e c t -
i o n . The acsence o f eei b o l i c phenomena and splenomegaly i s not 
u n u s u a l but r a t h e r t he expected f i n d i n g i n a c u t e e n d o c a r d i t i s as 
c o n t r a s t e d _-./ith the m a n i f e s t a t i o n s i n subacute b a c t e r i a l endocar-
d i t i s . ' " h i l e i t cannot be proved, i t seems probable t h a t t he upper 
r e s p i r a t o r y t r a c t was the p o r t a l o f entr;/ f o r the i n f e c t i o n . The 
succeso o f sherapy w i t h s u l f a n i l a o d d e i n t h i s eke ,.ar- be r e l a a e o 
t o two f a c t o r s : Therapy wa^ i n s t i t u t e d v e r y e a r l y i n the d i s e a s e , 
perhaps b e f o r e deep b a c t e r i a l i n v a s i o n had o c c u r r e d ; s e c o n d l y , t h e 
t r e a t m e n t was p e r s i s t e d i n f o r a p e r i o d o f s i x ••••eehs. There seems 
l i t t l e doubt t h a t moderate dosage, lo n g i n s t i t u t e d , i o more e f f e c t -
i v e ^ f c deep sea t e d i n f e c t i o n s t h a n mziSsive dooas f o r a s h o r t e r 
p e r i o d 01 time. 
( 1 5 ) T'-eatment o f S m ^ s i n e l a s 
J.\.M.A. V o l . 115, p. 1053 (1940) 
Top and h i s a s s o c i a t e s t r e a t e d c a s e s o f e r y - s i p e l a s a d i d t t e d 
t o t h e i r h o s p i t a l w i t h s u l f a n i l a i d e . They compare t h e s e " d t h 
caoeo t r eated w i t h a n t i t o x i n d u r i n g a p e r i o d of* about t h e same 
l e n g t h . The number o f p a t i e n t s t r e a t e d w i t h a n t i t o x i n %vas 76 and 
the number t r e a t e d w i t h s u l f a a i l a m i d e was 135. They observed t h a t 
t h e p r o p o r t i o n o f c a s e s t h a t showed no spread was t w i c e ao g r e a t 
among those t r e a t e d w i t h s u l f a n i l a m i d e a s a/ong th o s e g i v e n a n t i -
t o x i n . The p r o p o r t i o n o f c a s e s w i t h s l i g h t spread was about the 
same f o r t he tv/o g r o u p s , b u t moderate spread was noted t v / i c : as 
f r e q u e n t l y among the a n t i t o x i n t r e a t e d as among t h e s u l f a n i l a m i d e 
t r e a t e d . ?.Tarked spread was noted among 10.5% o f a n t i t o x i n t r e a t e d , 
whereas none o f the p a t i e n t s r e c a i v i n r s u l f a n i l a m i d e showed t h i s 
degree o f e x t e n s i o n . 
( 1 7 ) Treatment of Comoound F r a c t u r e s 
J.A.M.A. V o l . 115, p. 164 (199-0) 
L o c a l i m p l a n t a t i o n o f s u l f a n i l a m i d e c r y s t a l s i n coapound 
f r a c t u r e s not o n l y t e n d s t o l e s s e n t h e danger o f i n f e c t i o n but does 
not p e r c e p t i b l y i n t e r f e r e w i t h t he u n i o n o f the s o f t t i s s u e s or o f 
the bone. However, such i m p l a n t a t i o n does not p e r m i t the c l o s i n g 
o f g r o s s l y contaminated o r i n f e c t e d wounds. The wound must be 
de b r i b e d i n the u s u a l way and a l l f o r e i g n m a t e r i a l and d e v i t a l i z e d 
t i s s u e removed b e f o r e the i n f e c t i o n h a s g a i n e d a f o o t h o l d and i n -
vaded t h e t i s s u e s , p r e f e r a b l y w i t h i n 1 ^ hours a f t e r t h e i n j u r y . Had 
t h e c a s u a l t y wounds 'd u r i n g the war o f 1914-18 been r a n i d l y d e b r i b e d , 
s p r i n k l e d w i t h s u l f a n i l a r i d e c r y s t a l s , s u t u r e d and the reduced 
f r a c t u r e s i m m o b i l i z e d i n c a s t s or s p l i n t s , t h e l a r g e m a j o r i t y of 
them would have s t a y e d c l o s e d w i t h o u t i n f e c t i o n and t h e s o l d i e r s 
c o u l d have been s e n t d i r e c t l y bac'- t o America from the c a s u a l t y 
c l e a r i n g s t a t i o n or f i e l d h o s p i t a l . 
( 1 8 ) Treo-tment o f Gonorrhea i n the male 
J.A.M.A. V o l . 115, p. 163 (194C) 
I t was found t h a t the use o f s u l f a n i l a m i d e m a t e r i a l l y en-
hanced t h e s a t i s f a c t o r y r e s u l t s e a r l y i n t h e course o f t h e t r e a t -
ment p e r i o d . S u l f a n i l a m i d e p l u s l o c a l t h e r a p y v/as over s i x t i m e s 
as e f f e c t i v e i n p r o d u c i n g r e m i s s i o n s a s was l o c a l t h e r a p y c l o n e 
i n those c a s e s folloxved d u r i n g t h e 15 t o 19 day i n t e r v a l . A.t t h e 
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same t i m e , sulfa7-:ilamide a l o n e wa^ t w i c e as £-ood a s was l o c a l 
t r e a t m e n t a l o n e . By t h e 49 day, s u l f a n i l a m i d e p l u s l o c a l t h e r a p y 
had o b t a i n e d n e a r l y t w i c e a s many good r e s u l t s as d i e e i t h e r l o c a l 
t h e r a p y a l o n e or s u l f a n i l a i r d d e a l o n e . 
( 1 9 ) S t a p h y l o c o c c i c I n f e c t i o n s o f Fddney 
J.A.M.A. V o l . 115, p. 160 (1940) 
S t a p h y l o c o c c u s a u r e u s i s t h e most f r e q u e n t i n v a d i n g organism, . 
a-Lthough any o f the o t h e r s t r a i n s o f s t a p h y l o c o c c u s may be respon-
s i b l e . The p o r t o f entr;, i s the s h i n o r imicuous membranes. F u r -
u n c l e s and c a r b u n c l e s a r e t h e most common cutaneous f o c i , w h i l e 
i n f e c t i o n ^ o f the upper r e s p i r a t o r y t r a c t a r e t h e most f r e a u e n t 
mucosal p r e c u r s o r s , 
Auoten a d m i n i s t e r e d s u l f a n i l a m i d e d i r e c t l y t o t e n p a t i e n t s w i t h 
i n f e c t i o n s o f the upper p a r t o f the u r i n a r y t r a c t . These p a t i e n t s 
e i t h e r ^ d i d not t o l e r a t e the drug w e l l or i t wâ :; umvise t o admin-
i s t e r i t by t h e u s u a l r o u t e s because o f aaemia, g r a n u l o c y t o p e n i a , 
d i m i n i s h e d r e n a l f u n c t i o n , or t h e pre s e n c e o f an 'anatorrdc or p a t h -
o l o g i c a b n o r a e l i t y p r e v e n t i n g h i g h l o c a l c o n c e n t r a t i o n or because 
t h e r e was i n t e r f e r e n c e v d t h r e n a l d r a i n a g e . The drug a d m i n i s t e r e d 
by d i r e c t p e l v i c i n s t i l l a t i o n was v ; e l l t o l e r a t e d by a l l except one 
p a t i e n t . The au t h o r f e e l s t h a t although t h e method has d e f i n i t e 
l i m i t a t i o n s the d i r e c t p e l v i c i n s t i l l a t i o n o f s u l f a n i l a m i d e i s a 
wo r t h w h i l e procedure i n the t r e a t m e n t o f o e l e c t e d c a s e s o f r e n a l 
i n f e c t i o n . 
( 2 0 ) Treatment o f Lung I n f e c t i o n s ( ' " l e u r i t i s and Emryema) 
J.A.M.A. V o l . 115, p. 1194 (1940) 
Chemotherapy might be o f v a l u e i f used b e f o r e and a f t e r 
pneumonectomy or lobectonq.'. Chemotherapy o f pneumonia tends t o 
p r e v e n t empyema. Chemotherapy and d r a i n a g e by a s p i r a t i o n may be used 
i f the exudate i s s e r o u s . R e s o l u t i o n withoxat t h e n e c e s s i t y f o r open 
d r a i n a g e i s l i k e l y under t h e s e c o n d i t i o n s . R i b r e s e c t i o n and 
dr a i n a g e w i l l be r e q u i r e d a s soon as t h e exudate i s f r a n k l y p u r u l e n t , 
Sulfonamide t h e r a p y i n s m a l l dosages a f t e r o p e r a t i o n may s h o r t e n 
t h e p e r i o d o f d r a i n a g e , 
( 2 1 ) Treatment o f V e n e r e a l Lymphogranuloma 
J.A.M.A. V o l . 115, p. 1484 (194C) 
G t e i n usee s u l f a n i l a m i d e i n t h e t r e a t m e n t o f 35 cases o f the 
bubonic type o f v e n e r e a l lymphogranuloma,. Of the 35 p a t i e n t s 
t r e a t e d , t he r e s u l t s o f t h r e e a r e unknown. The r e m a i n i n g p a t i e n t s 
were c u r e d , v / i t h complete subsidence o f t h e l o c a l l e s i o n s and 
r e l i e f o f a l l c o n o t i t u t i o n e l symptoms. Two p a t i e n t s w i t h e l e -
p h a n t i a s i s improved w i t h i n tv/c v"eeks. Few t o x i c e f f e c t s v/ere ^^en-
countered. I n no case was i t conoidered n e c e s s a r y to stop med-
i c a t i o n . 
( 2 2 ) Treatment o f R e c u r r e n t Lymohocytic C h o r i o m e n i n g i t i s 
J.A.M.A. V o l . 115, p. 436 (194C) 
The u s u a l case o f l y m p h o c y t i c c h o r i o m e n i n g i t i s i s c h a r a c t e r -
i z e d by a s i r m l e a t t a c k of*menipgeel i r r i t a t i o n f o l l o w e d by 
prompt" r e c o v e r y . The p a t i e n t i n Q u e s t i o n had f o u r d i s t i n c t r e c u r r -
ences i n a d d i t i o n t o the i n i t i a l .attack i n a p e r i o d o f f o u r months. 
The prompt response and apparent c o n t r o l of t h i s malady by the 
use o f o u l f a n i l a m i d e i s of u n u s u a l i n t e r e s t . One g e t s t he i m p r e s s -
i o n f r o m the l i t e r a t u r e t h a t s u l f a n i l a m i d e and i t s d e r i v a t i v e s a r e 
o f l i t t l e v a l u e i n t h e t h e r a p y o f t h e human v i r u s d i s e a s e s . Rosen-
t h a l , "'ooley and Bauer found t h a t a l t h o u g h s u l f a n i l a m i d e and 
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a z o s u l f a m i c l e were i n e f f e c t i v e , the o r i g i n a l p r o n t o s i l o f Domagk 
(4-sulfonamiGe-2,4'-Giamino-azobenzene) was e f f e c t i v e i n t h e e a r l y 
t h e r a p y o f Iv/mphocytis c h o r i o m e n i n g i t i s i n mice i f l a r g e doses of" 
the drug and s m a l l i n f e c t i v e doses o f the v i r u s a r e employed. On 
t h e o t h e r hand, McKinley, MecR and / c r e e i n o c u l a t e d mice v/ith l a r g e 
- i n f e c t i v e doses o f t h e v i r u s and found t h a t a z o s u l f a m i d e v/as i n -
e f f e c t i v e . They a l s o found t h a t s u l f a n i l a m i d e and sodium s u l f a n i l y l -
s u l f a n i l a t e were i n a c t i v e a g a i n s t t h i s v i r u s i n f e c t i o n . 
( 2 3 ) Treatment of Acute I^u r u l e n t o t i t i s media 
J.A.M.A. V o l . 115, p. 178 (1940) 
I f chemotherapy i s g i v e n e a r l y , he Lore bone d e s t r u c t i o n o c c u r s , 
t h e d u r a t i o n o f d i s c h a r g e i s dimin"ished by about 50% and the number 
o f rnasto i d e e t c odes i s d i m i n i s h e d by about oOAS. "Tien the c l i n i c a l 
p i c t u r e s t r o n g l y s u g g e s t s mastoidectom/, i t i s s a f e r t o o p e r - t e . 
A f t e r u n c o m p l i c a t e d mastoidectony, i t i s b e t t e r not to g i v e the 
drug. Complicated m a s t o i d i t i s r e q u i r e s i n t e n s i v e chemotherapy. 
A t times i t i s n e c e s s a r y t o s top t h e druq; i n o r d e r to o b t a i n the 
t r u e p i c t u r e , as the drug c u r e s the middle e a r v / h i l e p r o g r e s s i v e 
bone d e s t r u c t i o n i s t a k i n g p l a c e i n the mastoid. Chemotherapy has 
u n q u e s t i o n a l l y added g r e a t l y to the c o n f i d e n c e of p h y s i c i a n s i n t h e i r 
a b i l i t y t o conquer acute, o t i t i s media and m a . s t o i d i t i s . The;/ have 
a l w a y s been a p p r e h e n s i v e o f m e n i n g i t i s as long as the e a r c o n t i n u e d 
t o d i s c h a r g e . * M o r t a l i t y has dropped from 97 t o 35% i n the l a s t 
5 y e a r s . T h i s i s a g r e a t comfort and a s i g n a l achievement. 
( 2 4 ) Treatment o f C h r o n i c S i n u s i t i s 
J.A.M.A. V o l . 115, p. 1569 (194C) 
S u l f a n i l a m i d e and i t s d e r i v a t i v e s have been used w i t h moderate-
degrees of s u c c e s s i n t h e t r e a t m e n t of a c u t e s i n u s i t i s due to 
b e t a h e m o l y t i c s t r e p t o c o c c i , pneumococci and s t a p h y l o c o c c i . I n 
a lmost a l l i n s t a n c e s , hov/ever, some type o f d r a i n a g e has to be used 
c o n c o m i t a n t l y w i t h theraj/y v/ith s u l f a n i l a m i d e or i t s d e r i v a t i v e s . 
I n c h r o n i c s i n u s i t i s , r e p o r t s on the use o f s u l f a n i l a m i d e or i t s 
d e r i v a t i v e s have been d i s c o u r a g i n g . The r e a s o n f o r the f a i l u r e o f 
s u l f a n i l a m i d e to b e n e f i t p a t i e n t s i l l w i t h c h r o n i c s i n u s i t i s pro-
b a b l y l i e s i n the f a c t t h a t r e i n f e c t i o n f r o m the nasopharynx and 
nose i s c o n s t a n t l y t a k i n g p l a c e . Hence, w h i l e tenq/orary chemo-
t h e r a p e u t i c e f f e c t s may be o b t a i n e d , the c e s s a t i o n of drug t h e r a p y 
i s a l most alv/ays f o l l o w e d hj prompt r e c u r r e n c e o f the i n f e c t i o n i n 
t h e a f f e c t e d s i n u s or s i n u s e s . 
( 2 5 ) Treatment of Sunburn 
J.A.M.A. V o l . 115, p. 1569 (1940) 
Sunburn i n i t s e l f i s not a c o n t r a i n d i c a t i o n to the a d m i n i s t r a -
t i o n of s u l f a n i l a m i d e or i t s d e r i v a t i v e s , p r o v i d e d t h e r e i s a good 
r e a s o n f o r u s i n g t h e s e drugs. I t h a s been d e f i n i t e l y e s t a b l i s h e d 
t h a t i t i s unwise f o r a p a t i e n t v'ho i s r e c e i v i n g one or the o t h e r 
of t h e s e drugs to e x p o s e ' h i m s e l f t o the d i r e c t r a y s of t h e sun d u r i n g 
a course o f t r e a t m e n t , because i n a c e r t a i n number of i n s t a n c e s 
p h o t o s e n s i t i z a t i o n v / i l l ta'-^e p l a c e and a derma.tl i s - / i l l r e s u l t . 
F o r t h i o r e a s o n p a t i e n t s who a r e r e c e i v i n g t h e s e drugs s h o u l d keep 
out o f t h e sun u n t i l f rom two to f o u r days a f t e r the a d m i n i s t r a t i o n 
of the drug has ceased. T h i s l a t t e r p r e c a u t i o n i s recommended i n 
o r d e r to p e r m i t the drug to be c o m r ) l e t e l y e x c r e t e d and hence to 
avoid, p o s s i b l e p h o t o s e n s i t i z a t i o n . 
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( 2 6 ) Treatment o f Trachoma 
J.A.^M.A. V o l . 115, p. I l l ( 1 9 4 0 ) 
S u l f a n i l a m i d e and i t s d e r i v a t i v e s were found t o he d e f i n i t e l y 
e f f e c t i v e a g a i n s t trachoma, i n s t a g e s I , I I , and I I I , b e i n g most 
u s e f u l i n e l i z i i n a t i n g s u b j e c t i v e c o m p l a i n t s and i n ch e c k i n g and 
heaj-iug pannus and c o r n e a l u l c e r . " " a t h o l o - l c c o n d i t i o n s i n the 
p a l p e b r a l C u n j u n c t i v a were i i . r r o v e d markadlj'- b u t al w a y s remained 
i n t he c a n t h a l r e g i o n s . The upper and low e r c u l - d e - s a c were not 
much i n f l u e n c e d by prolonq/ed o r a l or i n t r a m u s c u l a r a d m i n i s t r a t i o n 
o f t he drugs. I n t r a m u s c u l a r a d m i n i s t r a t i o n o f s u l f a n i l a m i d e s u s -
pended i n o i l and e s p e c i a l l y o f s u l f a p y r i d i n e h a s , b e s i d e s t he 
t h e r a p e u t i c e f f e c t i v e n e s s o f t h e o r a l ' a d m i n i s t r a t i o n , the advantage 
of prolonged a c t i o n , decreased dosage, lac- - o f t o x i c o B n i f e s o a t i o n s 
and i n c r e a s e d e: se i n c o n t r o l l i n g and managing p a t i e n t s . The d i s -
advantage l i e s i n t h e p a i n and t r a n s i t o r y f e v e r the i n j e c t i o n c a u s e s , 
a l t h o u g h thep a r e never s e v e r e enough t o i n c a p a c i t a t e t h e p a t i e n t , 
b l o o d e s t i m a t i o n s show t h a t s u l f a n i l a m i d e a d m i n i s t e r e d i n t r a m u s -
c u l a r l y i s p r e s e n t i n the blood f o r a p ^ r o x i m t t e l y f o u r d a y s , w h i l e 
s u l f a p y r i d i n e r emains i n the blood from t e n t o f o u r t e e n d a y s , whether 
t h e y a r e suspended i n phA'siologic s o l u t i o n o f sodium c h l o r i d e , 
o l i v e o i l o r 0.3% sodium h y d r o x i d e . The minimum t h e r a T - e u t i c l e v e l 
appears t o be between 2 end 2.5 np;. p e r hundred c u b i c c e n t i m e t e r s , 
( 2 7 ) Treatment of U r i n a r y t r a c t i n f e c t i o n s 
J.A.M.f. V o l . 115,p. 1350 (1940) 
The sulfonamide drugs a r e e x c r e t e d by the k i d n e y s i n a manner 
e x a c t l p s i m i l a r t o p h e n o l s u l f o n p h t h a l e i n . The a c t i o n o f sulfonamide 
dr i i g s i n i n f e c t i o n s o f the u r i n a r y t r a c t depends more on the t i s s u e 
r e a c t i o n t h a n on d i r e c t b a c t e r i c i d a l a c t i o n i n the u r i n e . Mandelic 
a c i d i s an e x c e l l e n t drug f o r i n f e c t i o n s w i t h c o l o n b a c i l l u s and 
S t r e p t o c o c c u s f a e c a l i s . A compcrison o f the c o l o n b a c i l l u s i n f e c t -
i o n s * t r e a t e d w i t h s u l f a n i l a m i d e a.nd s u l f a p y r i d i n e shows p r a c t i c a l l y 
t h e same, or 81%,cured. A. comparison o f t h e same drugs i n staphy-
l o c o c c i i n f e c t i o n s shows t h a t w i t h s u l f a p y r i d i n e 75% and w i t h s u l f a -
n i l a m i d e 62.6% were cured. I n f e c t i o n s c o i p p l i c a t e d by o t h e r p a t h o l o -
g i c changes do not respond as fc.vorably as* the s i m p l e i n f e c t i o n s . 
A comparison o f s u l f a n i l a m i d e and mcnclelic a c i d t h e r a p y i n v a r i o u s 
t y p e s o f c a s e s s]r.o-"S t h a t s u l f a n i l a m i d e i s u s u a l l y p r e f e r a b l e . 
( 2 8 ) Treatment o f "'ounds 
J.A.M.A. V o l . 115, p. 2194 (1940) 
I n t r e a t m e n t a few doses o f s u l f a n i l a m i d e would on .nost 
o c c a s i o n s d e a l w'ith an acu t e s t r e p t o c o c c i c i n f e c t i o n but not w i t h 
a c h r o n i c i n f e c t i o n . "Tien t he i n f e c t i o n was i n the blood t he drug 
was not o f the saeie v a l u e as when i t wao i n the tody t i s s u i e s . The 
same h e l d f o r gas gangrene. C o l o n e l Colelm-ooke s a i d t h a t d e f i n i t e 
r e s u l t s v/ere lo be expected f r o m c a r e f u l use o f sulfonamide d e r i v a -
t i v e s . The f i r s t was t h e p r e v e n t i o n o f h e m o l y t i c s t r e p t o c o c c u s 
i n f e c t i o n , A sulfonamide d e r i v a t i v e woi I d be v a l u a b l e i n a case ̂  
o f secondai-y opai-ation xn which t h e r e was a s u s p i c i o n o f h e m o l y t i c 
s t r e p t o c o c c u s i n f e c t i o n . P r o p h y l a t i c t r e a t m e n t s h o u l d be ad m i n i s -
t e r e d i n f o u r h o u r l y doses. I t " n ight a l s o be p o s s i b l e to a r r e s t 
i n f e c t i o n by pronipt and v i g o r o u s a c t i o n . I n l o n g - s t a n d i p g or 
s u p e r f i c i a l c a s e s , such as o l d burns and ro a d a c c i d e n t s which had 
l e d t o i n f e c t i o n , the a p p l i c a t i o n o f s u l f a n i l a m i d e powder gave 
a s t o n i s h i n g l y good r e s u l t s . 
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Do not t h i n k t h i s i s the l a s t you w i l l h e a r o f s u l f a n i l a aide. 
A c t u a l l y , i t i s t h e b e g i n n i n g o f a new e r a . S u l f a n i l a n i d e i s new 
co n g - a r a t i v e l y s n e a k i n g ; s u l f a t h i a z o l e i s even more r e c e n t . S t r a n g e 
a s i t seems, j u s t today a s I f i n i s h mr r e p o r t ( 4 / 1 9 / 4 1 ) , I r e c e i v e d 
word of a new d e r i v a t i v e , s u l f a d i a z i n e ( S u l f a n i l y l - a m i n o - p y r i m i d i n e ) , 
w h i c h i s b e i n g used i n ' H a l i f a x , H.S. b;/ Doctor J o h n H. D i n g l e , o f 
the H a r v a r d e x p e d i t i o n , f o r the t r e a t m e n t o f m e n i n g i t i s , d i p h t h e r i a 
and s c a r l e t f e v e r . A l s o , S u l f a n i l y l - g u a n i d i n e , a n o t h e r new drug, 
i s o f v a l u e because i t i s p o o r l y absorbed i n t h e i n t e s t i n a l t r a c t 
and, t h e r e f o r e , s t a y s t h e r e l o n g enough to e x e r t i t s a c t i o n a g a i n s t , 
f o r example, d y s e n t e r y . Much r e s e a r c h h a s y e t t o be conducted; t r i a l s 
and h a r d s h i p s , time and l a b o r , a r e n e c e s s a r y f o r the a t t a i n m e n t o f 
t h i s g o a l . As P a s t e u r once ^ a i d , "There i s no p e r i l i n e x p r e s s i n g 
i d e a s a p r i o r i when t h e y a r e t a k e n a s such and can be g r a d u a l l y 
m o d i f i e d , perhaps even c o m p l e t e l y t r a n s f o r m e d a c c o r d i n g to the r e s u l t 
o f the o b s e r v a t i o n o f f a c t s , " I t was o n l y i n 1937 t h a t 73 de a t h s 
r e s u l t e d from the use o f s u l f a n i l a m i d e . A f a t a l e r r o r caused by 
the M a s s e n g i l l p h a r m a c e u t i c a l house when they c l a i m e d they had 
d i s c o v e r e d a s o l v e n t f o r s u l f a n i l a m i d e i n the use o f 70% d i e t h y l e n e -
g l y c o l . E x p e r i m e n t s w a r r a n t e d the b e l i e f t h a t d i e t h y l e n e g l y c o l 
i s t he t o x i c agent i n t h e E l i x i r o f "lulfanilamdde - M a s s e n g i l l 
examined. I r o n i c a l l y , upon the l a b e l were t h e s e d i r e c t i o n s , " 
1 or 2 t e a s p o o n f u l s and c o n t i n u e a t t h i s dose u n t i l r e c o v e r y . " I n -
c i d e n t a l l y , the deaths due t o t h e E l i x i r o f S u l f a n i l a m i d e were the 
c h i e f cause i n t h e passage o f l e g i s l a t i o n v/hich i s now knovm as 
the "Pure Food, Drug and Cosmetic A c t . " 
U n f o r t u n a t e l y , a s o l v e n t f o r s u l f a n i l a m i d e i s y e t to be found 
w i t h o u t p r o d u c i n g t o x i c e f f e c t s . P r o b a b l y today, perhaps tomorrow, 
or a y e a r ' s time i s n e c e s s a r y f o r such a d i s c o v e r y . At any r a t e j 
s u l f a n i l a m i d e s t i l l r e i g n s supreme as the i d e a l drug d i s c o v e r e d m 
t h i s c e n t u r y . 
